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ABSTRACT 
 
The degradation of aquatic resources has become an issue of great concern to 
authorities, interested and affected members of the public. Management actions 
implemented throughout the years for sustainable water use have failed and the 
ongoing impacts of anthropogenic activities can be reflected in the deterioration of 
aquatic ecosystems. The impacts of the physical and chemical alterations occurring in 
rivers can be integrated and reflected by the aquatic communities such as macro 
invertebrates, fish and riparian vegetation. The main aim of the study was to determine 
the current ecological state of the Klip River by measuring selected water quality 
variables; conduct an integrated habitat assessment and assess macro-invertebrate 
communities as ecological indicators. Six sites (K1-K6) were selected along the Klip 
River, upstream and downstream of identified point sources of pollution. The in situ 
water quality parameters measured included temperature, pH, and electrical 
conductivity as well as dissolved oxygen. Nutrient and metal concentrations were also 
measured at all study sites. The aquatic macroinvertebrate monitoring was conducted 
using the South African Scoring System version 5 (SASS5) and the assessment of 
habitat quality was conducted using the Integrated Habitat Assessment System (IHAS). 
The results from the study indicated the water quality to be poor as the concentration 
levels of all parameters from study site K1 to K6 exceeded the target water quality 
range (TWQR) for aquatic ecosystems. Site K1, at the source of the Klip River, 
recorded the highest levels of silver, iron, nickel and manganese and the levels of 
phosphate, chlorophyll-a, free and saline ammonia increased from K2 to K6 
downstream of the waste water treatment works. The ecological classes for the macro-
invertebrates from sites K1 to K6 were all in the category class E/F indicative of a 
critically modified state with low species diversity and the absence on sensitive species 
at all sites. This was also indicated by the low average score per taxa (ASPT) and 
SASS5 scores recorded at all sites. The habitat quality was only adequate at the 
upstream site K1 and in a poor, unacceptable state at sites K2 to K6. The principal 
component analysis (PCA) showed that sites K4 & K5 grouped together with DO, EC, 
pH. Chlorophyll-a, Total Phosphates, Nitrites and Nitrates grouped with sites K2 and K3. 
The PCA for metals and sampling sites indicated a grouping for Cobalt, Silver, Nickel 
and Iron with site K1. The metals Magnesium, Phosphorus, Boron, Silicon, Barium and 
Aluminium showed a grouping with site K6 and Potassium, Calcium and Sodium with 
sites K2 and K5. Site K1 grouped with the macro-invertebrates Culicidae and 
Amphipoda. Sites K3 and K6 grouped with the macro-invertebrate families Gerridae, 
Gyrinidae and Coenagrionidae. Sites K2 and K5 showed an association with macro-
invertebrate families Baetidae, Gomphidae, Notonectidae, Dytisdae, Hydropsychidae 
and Belostomatidae. More of the families were recorded at sites below waste water 
treatment works (K2 & K5) and few families were recorded upstream at site K1.  
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1 CHAPTER ONE: INTRODUCTION 
1.1 BACKGROUND AND MOTIVATION  
Water plays a fundamental role for the existence of all living organisms. However, the 
availability of water is being increasingly threatened by escalating growth in the human 
population as more demand on these scarce water resources is required for domestic 
purposes and industrial activities (Abah et al., 2018). The natural composition of 
numerous water resources have been severely affected by these anthropogenic 
activities (Abah et al., 2018). 
 Water use activities such as abstraction for domestic use, agricultural activities, power 
generation and industrial production may lead to a decline in the quality and quantity of 
water (Carr & Neary, 2008). This will not only negatively affect the aquatic ecosystem 
but also threaten the availability of safe drinking water for human beings (King & 
Pienaar, 2011). Throughout the world, aquatic habitats are no longer perceived as 
holding tanks for human use supply, but rather, they require to be used responsibly to 
ensure better sustainable ecosystem functioning in the future (Poff et al., 2016). The 
sustainable utilisation and management of rivers and aquatic habitats requires a 
thorough understanding of the interconnectedness between the environmental 
properties and ways in which anthropogenic activities can change the relationships 
between the biological, chemical and physical activities controlling the ecosystem 
processes (Du Plessis, 2017). 
Over the past decade, the degree of the anthropogenic activities such as fertilizers, 
heavy metals, pesticides and sewage influencing the environment has increased 
intensely; this is inclusive of freshwater, terrestrial ecosystems, marine environments 
and the atmosphere (Benetti & Garrido, 2010). Fossil fuel burning and large scale 
mining have started interfering noticeably with the normal hydrogeological cycles, 
thereby creating more problems to the natural environment (Carpenter et al, 2011). The 
scale of urbanization, socioeconomic activities and agriculture has reached the level 
whereby, in addition to negatively affecting the natural processes within particular 
watersheds, it also has a global impact on the water resources (Carpenter et al, 2011). 
This has brought about in the relationship between ecological condition, natural 
hydrology and socio-economic factors (Carpenter et al, 2011). As a result of this 
complex interrelationship, there is a pressing need or requirement for accurate and 
comprehensive monitoring and assessment of water quality trends in order to increase 
knowledge and understanding to address present consequences of pollution and 
provide a foundation for action at various levels of management (Bartram & Ballance, 
1996).  
 
One of the major problems in the South African context is the increasing scarcity of 
water. It is estimated that the country receives an approximate average annual rainfall 
of less than 500 mm, which is half of the global rainfall (M’Marete, 2003). South Africa 
experience seasonal rainfall of which the sunshine and the rate of evaporation allows 
only about 9% back in the ocean in comparison with 35% worldwide (Schulze & Lynch, 
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2006). When the water evaporates from the sea, the salt stays there so freshwater fall 
as rain onto the landscape and flows removing salts from the land into the sea (Dallas & 
Day, 2004).   
Comparable high seasonal rainfall and temperatures in most parts of South Africa 
contribute to the scarcity of fresh water (Dallas & Day, 2004). Permanent standing fresh 
water bodies are almost non-existent and therefore rivers are the only source of fresh 
water that can be extensively utilized (Dallas & Day, 2004). Most of the rivers in South 
Africa are either very small or only active during rainy seasons (Dallas & Day, 2004). 
The water resource is of no value to humans or aquatic biota if the water quality is in 
poor condition. Therefore it is of crucial importance that these resources be managed 
sustainably (Du Plessis, 2017).  
The longitudinal and temporal impacts of pollutants in rivers are largely dependent on 
the degree to which the biota can reduce and remove the specific contaminants 
entering the system (Dallas & Day, 2004). Simultaneously, the degree to which a 
particular ecosystem is able to purify water is dependent on the type of pollutant and the 
quantity entering it. Organisms are unable to break down some of the chemical 
elements such as metals, or, can function sufficiently in the presence of heavy 
contaminants (Dallas & Day, 2004). Highly concentrated contaminants can inhibit or 
even lead to the destruction of a part of the water body such as wetlands ability to 
cleanse its own waters (Dallas & Day, 2004). These impacts therefore need to be 
managed and monitored generally per water catchment (DWS, 2016). Water 
catchments are made up of linked ecological and social systems. Each of these 
systems are unique in their own way (DWS, 2016). In a South African context, the wide 
variety of catchment areas biodiversity encourages integrated approaches with regard 
to management of water catchment areas (King  & Pienaar, 2011). The catchment 
management areas provide a role for coordinating and advising on the development of 
catchment management strategies as defined by section 80 of the National Water Act of 
South Africa (King & Pienaar, 2011).    
1.1.1 Vaal Water Management Area (WMA) 
 
South Africa's economic hub is contained in the Vaal River catchment (Pretoria-
Witwatersrand-Vereeniging). The Vaal River catchment has the highest amount of 
mining, industrial and electricity generating development in the country irrespective of it 
receiving an estimated eight percent of mean annual runoff (Wepener et al., 2011). The 
system harbors a widespread water resource infrastructure and is connected 
extensively by inter-scheme transfer to other sources of water such as Usuthu, Thukela 
and Lesotho (DWAF, 2004). The upper Vaal is the most populated WMA in South Africa 
with a total population estimate of 5.5 million people (DWAF, 2004). The WMA is also 
economically important in South Africa due to its contribution of about 20% of the gross 
domestic product (GDP). The areas included in the upper Vaal management area 
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include the Klip, Wilge, Vaal, Mooi and Liebenbergsvlei rivers. It extends to the 
confluence of the Vaal and Mooi rivers (DWAF, 2004).  
The catchment area covered by the upper Vaal management area is 55 565 km2. The 
most important dams due to their economic value such as Grootdraai Dam, Sterkfontein 
Dam and Vaal Dam are located in this WMA.  A total of 46% of the surface flow in the 
WMA is mainly received from the Vaal River, upstream of the Vaal Dam, with its main 
tributary the Klip River. Rivers such as Wilge and Liebenbergsvlei rivers contribute 36% 
of the surface water flow.  Major impacts on the quality of water occurs in tributaries 
such as the Klip, Waterval, Blesbokspruit and Natalspruit rivers in the north-western part 
of the management area(DWAF, 2004). The system of the Vaal River was over the past 
years increased to accommodate the increasing populations, water requirements 
resulting in the development of inter-basin transfer schemes to transfer of water from 
high rainfall areas such as upper Thukela and orange river headwaters in the Lesotho 
highlands.  The quality of the water in the Vaal Dam is affected by the water quality of 
the Lesotho, Zaaihoek and Usuthu transfer scheme (Rademeyer et al., 2009). 
Historical legacy of the mining industry occurring in the upper Vaal WMA is inclusive of 
precious metals, coal, base metals and industrial minerals (Ferreira et al. 2010). The 
major impacts as a result of the mining activities are dewatering underground waters 
into the surface watercourse, especially in gold mine areas. Mine discharges increases 
the load salinity together with sewage treatment plant return-flows and contribute 
immensely to problems due to salinity in the downstream reaches and Vaal Barrage 
(McCarthy et al., 2007). An increasing number of fish deaths have been reported in the 
Vaal Barrage, especially the yellow fish (Tempelhoff, 2009). Other impacts such as 
habitat modification, flow regime, migration barriers and alien fish species introduction 
also have a detrimental effect on the Vaal River fish communities (Tempelhoff, 2009). 
In 2004, DWAF reported that the water quality in the WMA is good but effluent from 
industrial activities and urban runoff negatively affect the quality in some of the north-
western parts of the water management are i.e. tributaries such as Blesbokspruit, 
Natalspruit and the Klip River (DWAF, 2004). It was also reported that the status of the 
river salinity within the Vaal WMA was primarily in acceptable to intolerable levels, 
indicating negatively affected water resources. Currently, the Vaal River is under 
immense pressure from untreated waste water released into the system due to poorly- 
managed water treatment works. The WWTW in the Emfuleni area do not have backup 
generators in case of power failure, this results in raw sewage being discharged into the 
Vaal River during power failures (Saturday Star, 2018). The Klip River is a significant 
tributary of the Vaal River. The Klip River is also one of the major crucial providers to 
the Vaal Barrage in terms of both pollution load and flow volume (Howie & Otto, 1996). 
Therefore economic activities are at risk as a result of deteriorating conditions of the 
system. Studies on the water and sediment quality and fish health in the Vaal River 
revealed accumulation of metals in sediment and in fish tissue (sharptooth catfish) at 4 
sampling sites. Even though the fish species studied showed no histological alterations 
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related to exposure to metals, the human health risk associated with eating muscle 
tissue with bio accumulated levels of metals should be considered (Pheiffer et al., 
2014). 
1.1.2 Klip River catchment 
According to Ferreira et al. (2010), the Klip River has been described as one of the most 
severely degraded rivers in the country due to its exposure to a variety of types of 
pollution. This involves impacts such as mining activities, industrial development, and 
also agricultural activities. In addition to the effect on the water quality, the factors have 
also negatively affected the water level of the Klip River, flow regime and the 
morphology of the stream. The Klip River’s ecological integrity has been affected by 
altered seasonal flows connected to wastewater return-flows and farming activities. 
There are also changes in stream morphology due to the construction of bridges and 
weirs within the catchment (DWAF, 1999).   
The Klip River catchment area comprises of different kinds of diffuse and point sources 
of ground pollution (McCarthy et al., 2007). These are mostly related to the mining 
activities and industrial works located in the south of Johannesburg. The gold mining 
activities in the Klip River catchment were found to have pollution issues. For example 
sulphide and pyrite minerals resulting in the creation of acid mine drainage (McCarthy et 
al., 2007). The Klip River receives much of the pollution from the Witwatersrand 
positioned on the northern watershed across the West Rand group, forming the 
escarpment of the Witwatersrand. Vast amounts of the developments started in the 
southern side inside the gold bearing conglomerate ridge of the Klip River catchment. 
There is a movement of polluted water from the tributaries connecting into the Klip River 
catchment via wetlands and streams (McCarthy et al., 2007). It is estimated that 
approximately 240 mine tailing dumps were registered in the basin of the Witwatersrand 
and 103 are located in the central rand region (Ndasi, 2008).  
The extensive growth of South African urban areas places a severe burden on the 
functionality of existing infrastructure (Teklehaimanot et al., 2014). There is an important 
requirement to supply townships with water and sanitation services to accommodate an 
increasing human population. In most cases, the significance of providing properly 
working waste management facilities is often under estimated. Raw sewage poses a 
great threat to the health of the people and the environment with uncontrolled waste 
instrumental in attracting disease vectors therefore causing odour and runoff of 
contaminated water into the stream (Teklehaimanot et al., 2014). The Klip River 
catchment is mostly dominated by agricultural and commercial gardening activities but 
informal settlements and urbanization is increasing at an alarming rate between 
Johannesburg and Vereeniging. Approximately 200 ha of the catchment is irrigated 
downstream of the WWTW (Wepener et al., 2015). 
According to studies conducted by Statistics SA (2010), 22% of the total population of 
South Africa occupies the smallest province in South Africa, namely Gauteng. This high 
percentage of the population exerts pressure on the province’s water resources through 
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economic activities such as mining, industries and agriculture. According to Naidoo & 
Olairan (2013), the increasing human activities and population growth will also 
contribute to the pollution and worsening of public health.  
The historical and the current water quality at a specific point in a river is portrayed by 
flora and faunal species available in the riverine habitats and thus allowing detection of 
impacts that could be overlooked (Brown et al., 1996). The chemical and physical 
alteration effects in rivers over a certain period can be reflected and integrated by the 
aquatic communities (macro-invertebrates, fish and riparian vegetation). Jonker et al. 
(2009) indicated changes in the quality of water with reference to the concentration of 
nutrients, pH and conductivity, downstream and upstream of feedlots in the upper Vaal 
catchment. The species richness and abundance reduced as a result of disturbance in 
the family level of the invertebrate structural community at downstream sites of the 
feedlots.   
According to Mahlangu (2014), who assessed the macro-invertebrate communities at 
various sites along the Klip River, the results of the SASS5 and ASPT scores were 
higher at the reference site upstream and diminished to the lowest ASPT score of 3.86 
at the downstream monitoring site. From the results it was evident that the modification 
in invertebrate community structure is due to water quality changes between different 
sites. In another study, the water quality in the Klipspruit, a tributary of the Klip River, 
indicated high levels of conductivity and total dissolved solids (TDS). These were 
recorded during both low-flow and high-flow conditions. The research also indicated 
levels of free and saline ammonia conditions that exceeded the target water quality 
range of 0.007 mg/L (Bengu et al., 2017). There has been a vast amount of research 
conducted on the Klip River water quality; however there is a lack of data with regard to 
the biomonitoring. The current research therefore intended to provide a better 
understanding of the current ecological state of the system.  
There is a need for more current data on the ecological state of the Klip River as most 
of the available information is outdated and therefore this study will assist in providing 
the status quo of this important resource. Monitoring of the current ecological state is of 
vital importance as it is the foundation on which sustainable management of aquatic 
resources can be based. Current information will thus allow sound decision making on 
the description of water resources and classifying emerging and actual water pollution 
issues, articulating action plans and priority settings for the management of rivers and 
the continual evaluation of the current management actions.  
The sustainable utilization of natural resources is of key importance in supporting 
development through the maintenance of important ecological processes and the 
preservation of genetic diversity. The success of conservation efforts is, however, 
strengthened by the basic principles such as the planning of management resources 
through precise inventory and the necessity to implement proactive protection measures 
to avoid loss of resources. This can also be implemented through identifying sensitive 
habitats. More research is required to determine the ecological state such as water 
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quality monitoring against set standard, evaluation of how human impacts have affected 
the river such as increased flow and determining the ecological categories, taking into 
account the accumulative developments within the Klip River catchment. Data from 
further research will also contribute immensely in providing direction in terms of the 
mitigation measures required for the protection of the Klip River.  
1.2 STUDY AIMS, OBJECTIVES AND HYPOTHESES  
1.2.1 The Aim of the study  
 
The aim of the study is to assess the current ecological status of the Klip River, based 
on selected biological, physical and chemical parameters. To achieve this aim the 
following objectives are proposed: 
 
1.2.2  Objectives  
i. Assessment of the macro-invertebrate communities at selected sites along the 
Klip River using the SASS5 protocol; 
ii. Assessment of the habitat integrity of the selected sites using the IHAS protocol; 
iii. To measure selected water quality parameters including physical, chemical and 
biological parameters during high- and low-flow conditions; 
iv. To evaluate the water quality results in terms of the available water quality 
guidelines for aquatic ecosystems; 
v. Analyse the collected data to identify spatial and temporal variation in water 
quality.  
1.2.3 Hypotheses 
 Hypotheses for the study selected to direct the aims and objectives include: 
 The diversity and the presence of water quality sensitive macro-invertebrates will 
be negatively impacted downstream of point sources of pollution as compared to 
the upstream communities; 
 The habitat condition within the Klip River is greatly modified due to increased 
negative impacts within the river;  
 The water quality at the selected study sites is expected to be above the 
allowable target water quality range (TWQR) for aquatic ecosystems as per the 
South African water quality guidelines. 
1.3 DISSERTATION OVERVIEW 
Chapter 1: Study introduction, setting the scene and explaining the background, 
motivation as well as the aims, objectives and hypotheses of the study. 
Chapter 2: A literature review focusing on related South African legislation, water 
pollution, water quality monitoring, as well as research conducted in the 
catchment area, macro-invertebrate and habitat assessments. 
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Chapter 3: A detailed description of the methodology and techniques implemented in 
the study for the water quality, macro-invertebrate and habitat 
assessments.  
Chapter 4: The results of the water quality, macro-invertebrate and habitat 
assessments are presented in Chapter 4. 
Chapter 5: A critical discussion of the results in the context of the existing literature. 
Chapter 6: Conclusion and recommendations. A summary of findings of this study is 
presented and conclusions are made based on the study hypotheses, 
aims and objectives. 
Chapter 7: Reference list  
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2 CHAPTER TWO: LITERATURE REVIEW 
2.1 INTRODUCTION  
For a period of over a thousand years, human beings have been attracted to streams 
and rivers (Karr & Chu, 1998; Pringle et al., 2000). This is due to rivers being important 
in bringing a continuous supply of natural, clean water, supply fishes as a food source 
and also act as valuable transportation corridors (Karr & Chu, 1998; Pringle et al., 
2000). Centuries of human existence along rivers have modified it to such an extent that 
it does no longer provide these goods and services (Karr & Chu, 1998; Pringle et al., 
2000). The recognition is due to both their essential value and their sensitivity to 
changes in the quality of water, thus providing a valuable addition to the chemical and 
physical data (Meybeck et al., 1996). 
The contaminants usually arise from three prominent sources such as discharged 
sewage into the river, discharge of industrial effluents without treatment into streams 
and agricultural surface runoff were chemical fertilizers and pesticides are utilised 
(Benetti & Garrido, 2010). There is a serious problem worldwide due to pollution of 
freshwater with listed pollutants such as acids, ions, alkanes, domestic sewage, 
polychlorinated biphenyls, nutrients and metals (Benetti & Garrido, 2010). The expertise 
of various scientific disciplines and data gathering about natural processes, pollution 
and environmental legislation need to be implemented in an endeavor to address the 
negative impacts human have on the environment (Wharfe, 2005). The literature review 
to follow provides a summary on the environmental legislation, pollution and sources of 
impacts on aquatic ecosystems, physico-chemical properties of water, biomonitoring as 
well as the habitat and ecological state of the study area. 
2.2 ENVIRONMENTAL LEGISLATION IN SOUTH AFRICA 
The government of South Africa is rooted deeply on Section 24 of The Constitution, 
which gives declaration of right to a healthy and clean environment to be a fundamental 
right to people. This section of the constitution thus infers a responsibility on the 
government to protect the environment for the safe existence of the human population. 
The declaration of basic environmental rights is shared with fifty-nine other countries for 
the benefit of future generations (Jeffords, 2011). The authority of the constitution is 
further expanded via the application of the National Environmental Management Act 
(NEMA) No. 107 of 1998. South Africa is therefore guided by NEMA as the framework 
legislation for the protection of the environment and sustainable development.  
2.2.1 The National Water Act 36 of 1998 
The main legislation that governs the use and pollution of fresh water is the National 
Water Act 36 of 1998. All freshwater resources in South Africa, irrespective of their 
hydrological locality, belong to the state (Water Act 36 of 1998). The utilization of any 
water source, unless it is an existing lawful use, requires permission from the 
government. Consent to use the water is provided through the granting of the water use 
license. The water act contains sections that deals specifically with water source 
conservation and also prevents unauthorized water source pollution. The National 
Water Act also gives provision for the establishment of catchment management 
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agencies with functions such as the investigation and advice on development, 
management and water resource control in their management area and the 
establishment of management strategies for coordination of similar activities within a 
particular management area.  
The South African national water resource strategy outlines how the country will acquire 
its main objectives such as the elimination of poverty, inequality and development. The 
second objective of the strategy is the contribution of the water resource to employment 
creation and the economy (DWA, 2013). The third objectives is the emphasis in 
ensuring that the conservation, development, and utilization of water in a sustainable 
and justifiable manner.  The main focus of the strategy is highlighting the water scarcity 
of which vigilant management is required to enable water service supply, thus achieving 
economic growth with minimum threat on the aquatic ecosystems (DWA, 2013). As 
indicated by the reconciliation strategies, water sources are restricted in several 
catchments while the costs of construction and maintenance is unreasonable. 
Accountable and competent management is required for the implementation of the 
water strategies (DWA, 2013). This is defined in the strategy, the establishment of 
institutional arrangement for the coordination of activities in relation to effective 
management of aquatic resources within a particular catchment (DWA, 2013). 
In terms of the National Water Act of South Africa, the minister is required to establish a 
monitoring system for the country’s water resources. The system must make provision 
for the collection of data required to assess water quality in rivers, the use of water 
resources, water resource rehabilitation and the health of aquatic ecosystems. The 
minister is also required in terms of Section 138 of the Water Act, after consultation with 
the relevant stakeholders, to develop protocols for managing and monitoring of water 
resources (Water Act 36 of 1998). 
Despite the fact that the Klip River, its tributaries and associated wetlands have been 
described as heavily impacted, it still needs to be able to provide the required ecological 
infrastructure for the maintenance of the ecological processes and human needs 
(Wepener et al., 2015) Adequate protection measures should be implemented to make 
sure that the maintenance of the main ecosystem is achieved for the sustainable use of 
the natural resource. A number of protection measures for water resources in the 
National Water Act are prescribed. This includes the development of a societal vision for 
the direction of the level of use and protection of resources. Another protection measure 
is the classification of water resources through the establishment of a management 
class representing the vision and institute of the ecological reserve. The ecological 
requirements and determination of resource quality objectives gives impact to the 
management classes (Wepener et al., 2015). The Department of Water and Sanitation 
(DWS) needs to prioritize the risk of achieving resource quality objectives on multiple 
special scales within the existing socio-ecological system framework.    
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2.3 POLLUTION 
The definition of pollution includes “the incidence in the natural environment which may 
result in adverse negative impacts to human beings and organisms, thus affecting their 
ability to survive and their overall health” (Miller et al., 2009). A pollutant can therefore 
be described as a toxic substance which might have severe impacts on the 
environmental components such as the food chain structure, human health and growth 
rate (Miller et al., 2009). Three types of unwanted pollutants-effects include degradation 
of life support systems in organisms, damage to human health, property and wildlife and 
the creation of foul smells and nuisances (Miller et al., 2009). The escalating 
industrialization and population growth have resulted in the requirement of improved 
water quality (Meybeck et al., 1996). Water use activities such as abstraction and 
discharge of wastewater have occurred with predictable impacts on the water quality. 
Impacts from human activities can either come from a non-point or a point source 
(Meybeck et al., 1996). The point sources are pollution sources from a single point such 
as collection discharges, mining waste, domestic wastewater discharge and agricultural 
waste (Meybeck et al., 1996).   
The currently practiced norm with regard to the control of pollution is a catchment-basis 
approach. The catchment approach in managing pollution allows for detection of 
changes between the sources of pollution, prevention of pollution and treatment of point 
sources of pollution (Freeman et al., 1997). Domestic water use in the Klip River 
catchment is mainly by informal settlements, townships such as Soweto, which are not 
serviced (McCarthy et al., 2007). Due to the poor condition of the water in Klip River, 
drinking from the river is generally not done. The water is mainly used by the local 
community for washing of clothes (Freeman et al., 1997). The contributions of the three 
WWTWs towards the loading of nutrients and bacterial contamination were quantified 
by the water quality assessment through the use of water quality and hydrological 
models (Freeman et al., 1997).  
There is a very close correlation between biodiversity, water quality and recreational 
activities, in such a way that changes in quality of water at one point may result in 
extreme changes in the recreational potential and biodiversity over a much larger area 
downstream (Kotze, 2008). The anthropogenic activities within the Klip River are 
increasingly destroying the remaining natural environment (Kotze, 2008). There are 
massive establishments of invasive alien species of fauna and flora within the Klip River 
catchment (Kotze, 2008). Ecological diversity of aquatic life in the Klip River is declining 
due to altered stream flow and poor water quality (Kotze, 2008). Pristine environmental 
conditions are currently not available as a result of impacts within the system. There 
are, however, few officially declared protected areas such as the Klipriversburg Nature 
Reserve offering protection to Klip River tributaries such as Bloubosspruit in the upper 
catchment (Kotze, 2008). 
2.3.1 Water quality within the Klip River catchment 
The term “water quality” is mostly used in the expression of the suitability of water in 
sustaining a variety of processes or uses (Meybeck et al., 1996). A certain use will thus 
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have a particular requirement for chemical, physical and biological parameters of water 
(e.g. limits on the concentration of toxic substances for drinking water or pH range 
restrictions for water invertebrate community support) (Meybeck et al., 1996). 
Subsequently, the explanation of water quality can be also be defined by a range of 
parameters which limit water use (Meybeck et al., 1996).  
A study conducted by Hobbs et al. (2010) on the analysis of the hydrochemistry of a 50 
m high slime dam showed that the  groundwater quality was impacted for six variables 
namely pH, electrical conductivity, Calcium, Sulphate, Magnesium and Manganese. The 
concentration of metals from exposed soil after reclamation of the mine dump was 
found to be high. There was a possibility that the recorded high concentration levels of 
metals may have leached into the Klip River (Rosner et al., 2000).The possible impacts 
of the dams identified by AngloGold Ashanti included pollution of the river due to 
impoundment surface runoff, dried out tailings causing air and water pollution from wind, 
landscape alterations thereby causing aesthetic impacts and challenges in stabilizing 
the tailings due to poor soil condition (Hobbs et al., 2010).  
There was a significant change in water quality of the Klip River sampled at a nearby 
mining activity. The pH of less <5 was measured in the Klipspruit and the Natalspruit 
which are tributaries of the Klip River. Sites located at wetlands recorded high pH level 
ranging between 7 and 8.5, thus indicating the effectiveness of wetlands in filtering 
pollutants (Tutu et al., 2008). Although wetlands are effective in reducing pollutants, a 
study by McCarthy et al. (2007) has shown the extent of dreadful conditions of the Klip 
River wetlands due to excessive accumulation of contaminants and agricultural 
activities. De Kock (2008) conducted a study on the general biology and 
bioaccumulation of metals in the freshwater crab at four sites in the Klip River. Results 
showed there were fluctuations of Aluminium concentrations in crab tissue. A significant 
variation was also recorded between winter and summer surveys at selected sites. The 
highest Iron concentration levels in crab tissue were recorded at site 1 (De Kock, 2008).  
According to a study by Kotze (2008), the Klip River water quality is very poor, deviating 
from its natural state as a result of escalating human activities occurring in the 
catchment. The quality of water was in a good condition at the upper reaches and 
drastically declined towards the downstream reaches based on the water quality 
guideline compliance index. However, the study indicated that the water quality of the 
upper reaches of the Klip River have been impacted by gold mining, industrial activities, 
and urban runoff from informal and formal settlements. According to Motheta (2016), the 
monthly Ammonia levels from the Olifantsvlei WWTW waste water effluent, from 2009 
to 2013, ranged from 16.34 to 30.13 mg/L and from 0.485 to 0.975 mg/L respectively. A 
similar trend was also recorded by Agyemang et al. (2013), where the ammonia levels 
were increasing with time from 2009 to 2013. Dilution of water occurs in the Klip River 
which results in the improvement of sulphate concentrations from upstream to 
downstream sites in the river. The dilution effect within the Klip River is also from 
effluent from the Olifantsvlei WWTW (Motheta, 2016). Research conducted by 
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Durgapersad (2005) showed that the sulphate levels in the river were not from the 
WWTW but from the upstream mining activities along the Klip River. The study also 
indicated that the levels of ammonia were above the TWQR for aquatic organisms.  
2.3.2 Aquatic impacts within the Klip River catchment 
2.3.2.1 Waste water treatment works 
A severe burden is placed on the functionality of existing WWTW infrastructure due to 
the rapid growing South African urban areas (Röhrs et al., 1998).There is a significant 
need to provide townships with water and sanitation services to accommodate the 
increasing population. In most cases, the significance of providing waste management 
facilities in good working order is often underestimated (Röhrs et al., 1998). Solid waste 
increases the threat to the health of people and the environment (Röhrs et al., 1998). 
Poorly managed waste contributes immensely in attracting disease vectors, 
consequently causing an odour and runoff of polluted water into the streams (Röhrs et 
al., 1998). Most of the research on the natural water course indicates poor 
maintenance, poor management, and operation of waste water treatment as major 
causes of pollution of aquatic environments.   
The release of uncompleted treated sewage water into rivers may result in upper soil 
contamination, ground and surface water pollution (Oberholster & Ashton, 2008). Often, 
nitrogen and phosphorus are predominant in these discharges and as such poses a 
high risk of ponds to experience eutrophication problems (Oberholster & Ashton, 2008). 
There are few natural lakes in South Africa and most of these lakes are found in very 
remote rural areas and are not suitable to supply water to urban areas. Dams are major 
water storage amenities for the supply of water (Oberholster & Ashton, 2008). As a 
result of incomplete and overloaded sewage treatment plants, a huge amount of 
sewage from built-up areas does not meet the discharge standards for release into 
rivers (Mbewele, 2006). The eutrophication process causes abnormal growth of plants 
leading to algal blooms and abnormal growth of fauna (Mbewele, 2006). The 
decomposition of the extreme plant growth considerably reduces the amount of 
dissolved oxygen in the areas affected, thus threatening the aquatic life and fish species 
(Mbewele, 2006).  
According to Kotze (2008), the water quality parameters severely impacted in the Klip 
River includes total dissolved solids, electrical conductivity, sulphates, water hardness, 
alkalinity, ammonia, phosphates and manganese. Parameters affected in the middle 
section of the Klip River included turbidity, nitrates, orthophosphate, potassium and 
chloride which is attributed mainly by impacts of the Klipspruit and effluents from the 
surrounding waste water treatment plants. The major cause of further degradation of 
water quality downstream was from the negative impacts from the Rietspruit, 
agricultural activities and ERWAT waste water treatment works. 
Research conducted in the tributaries of Klip River namely the Klipspruit and 
Baileyspruit, found TDS and conductivity to be higher in some of the sites assessed 
during both low and high-flow conditions (Bengu et al., 2017). Free and Saline 
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ammonia, exceeding the target water quality range of 0.007 mg/L, was detected at all 
the sites during high-flow and some of the sites during low-flow conditions. Faecal 
coliforms exceeding >100 000 per 100 mL were detected at all sites in the Klipspruit 
during both high-flow and low-flow conditions (Bengu et al., 2017). The study by Bengu 
et al. (2017) also looked at fish health, and it was evident from the nercopsy that the 
endocrine systems of the fish species in the system may be severely affected by 
endocrine disrupting chemicals, most likely from sewage discharge, based on the 
severe gonadal abnormalities identified. 
2.3.2.2 Mining and acid mine drainage  
The South African mining history has provided a massive value to the economy and is 
still a crucial role player in warranting the position of the country in international markets 
(Hobbs, 2010). The closure of some of the mines and the discontinuation of 
underground water extraction from these mines has, however, become problematic, 
especially in the Witwatersrand mining basin (Hobbs, 2010). Acid mine drainage (AMD) 
come to light as a result of atmospheric sulfide exposure, mostly enhanced by mining 
activities through the introduction of the oxidation reactions (Jennings et al., 2008). The 
exposed surface areas of rock containing sulfur is increased by mining activities 
resulting in the additional generation of acids beyond natural defending abilities of the 
affected host rock and water resources (Jennings et al., 2008). The key elements 
necessary for the acid generation are sulphide minerals, water and chemical source of 
oxygen (Akcil & Koldas, 2006). The pyrite exposure to water and the oxygen in the air 
leads to oxidation and water acidification (Akcil & Koldas, 2006).  
The development of AMD causes a reduction in pH resulting in a histrionic rise in metal 
concentrations such as Zinc, Copper, Aluminium, Iron and Manganese. As per Costello 
(2003), the resulting chemical process of groundwater acidification is as follows: water 
oxidation transpires due to pyrite exposure to oxygen, resulting in release of hydrogen 
ions. A higher level of acidity results with a rise in sulphate ions and soluble metal 
cations.  
Gold tailing dumps from mines have been landscape features in the large gold mining 
towns and also have been releasing polluted water for decades (McCarthy, 2011). The 
diffuse pollution has been noticed in rivers such as the Klip River and Blesbokspruit in 
the East Rand (McCarthy, 2011) (Figure 1). Acid mine drainage effects on lotic systems 
take place in several and concerted ways. There is therefore direct and indirect 
pressure on the organisms and community structures of an ecosystem (Gray, 1997). 
The impacts can be independently characterized as biological, chemical, ecological and 
physical, although the overall impacts on the community structure are species 
destruction, shortening of the food chain and thus decreasing ecological permanency 
(Gray, 1997). 
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Figure 1: A map showing the Witwatersrand Basin gold deposits and the 
distribution of coal (SOURCE: McCarthy, 2011).  
Acid mine drainage involves a complex of elements that combine causing different 
types of effects on water. Toxicity is dependent on discharge volumes, overall acidity 
and the volume of dissolved metals (Gaikwad et al., 2011). The serious component is 
the change in water pH due to its severe potential effects on aquatic life at lower levels 
(Gaikwad et al., 2011).The overall impact of the acid mine drainage is determined by 
the rate of flow dilution (Kimmel, 1983). As soon as the concentration of bicarbonates 
and carbonate ions increase in the receiving stream, the buffering capacity will be high 
and as a consequence, greater protection of the biota from adverse impacts of acid 
mine drainage (Kimmel, 1983).  
The physical effects of acid mine drainage include the increase in turbidity from soil 
erosion, manifestation of asphyxiating of the stream and accumulation of coal fines 
(Parsons, 1968). Rivers receiving raised-up metal discharges from mines could form 
precipitated iron or aluminum hydroxide. The aluminum hydroxide decreases the 
oxygen availability as they form (Hoehn & Sizemore, 1977). The iron may perhaps 
cover the organism’s gills, overpower the eggs and occupy the bottom of the river 
through filling in cracks of rocks and consequently making the substrate unable to 
provide habitat for benthic organisms. Iron as major constituent of drainage can also 
have a damaging effect on aquatic organisms (Hoehn & Sizemore, 1977). 
Rivers running through the mines are in most cases perennial and underground 
seepage is the source of base flow (Tutu et al., 2008). These watercourses are very 
susceptible to contamination by the mine residues and the acid mine drainage. 
According to Ochieng et al. (2010), mine water negatively impacts the natural water 
system by increasing the concentration of suspended solids, effecting the movement of 
Cadmium, Iron, Manganese, Aluminium and Zinc, resulting in the decrease of water pH. 
Tutu et al. (2008) conducted a study and revealed that surface water quality at areas 
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next to mining residues and acid mine drainage waste generating deposits were very 
low whereas the quality of water increased further downstream. Ground water in close 
proximity to the acid mine drainage deposits contained high levels of acidity and 
contaminants such as sulphate compounds. 
Some of the metals are of vital importance to organisms such as copper in mollusks and 
iron in vertebrates (Simpson et al., 1985, Rosemond et al., 1992). However, the 
accumulation of these metals as a result of anthropogenic activities such as mining, 
power stations, industrial processing and refining of metals may have detrimental 
effects on the living organisms. The benthic macro-invertebrate communities are known 
to be negatively affected by acidic pH and the presence of metals (Simpson et al., 1985, 
Rosemond et al., 1992). Various research studies have confirmed macro-invertebrate 
species’ sensitivity to acidity (Simpson et al., 1985, Rosemond et al., 1992). The end 
results of additional impacts of heavy metals in acidic conditions are reduced diversity 
and density of macro-invertebrate communities (Kimmel et al., 1985). The availability of 
acid mine drainage in rivers results in a reduced abundance, species richness of macro-
invertebrates and a shift from sensitive to tolerant taxa (Kimmel et al., 1985). Bottom 
dwelling macro-invertebrates are frequently regarded as more sensitive organisms in 
response to acid mine drainage. Research studies have shown the relationship between 
acid mine drainage and benthic macro-invertebrates, and macro-invertebrates are often 
used as indicators of AMD effects (Merovich & Petty, 2010).   
2.3.2.3 Metals  
Metals released during mining and industrial activities are fairly high in density and 
could be lethal at low concentrations, for example Arsenic, Lead, Cadmium, Mercury, 
Chromium, and Thallium (Tang et al., 2017). Some of the trace elements such as 
Copper, Selenium and Zinc are crucial in maintaining body metabolism, but harmful at 
high concentrations (Tang et al., 2017). The exposure pathway of metals in the body 
may be via drinking water, food and air (Gupta, 2013). Excessive amounts of metals 
can destabilize the ecosystem because of their ability to bioaccumulate in living 
organisms (Gupta, 2013). The toxic effects of metals include interference with the 
reproductive system and a decline of organism fitness (Gupta, 2013).  
Metals can affect fish species directly by causing different physiological disturbances. 
Fish growth and reproduction may be greatly affected because of high levels of acidity 
in water (Kimmel, 1983).The major causal factor of fish fatality in acid water is loss of 
sodium ions from the blood (Brown & Saddler, 1989). Low oxygen levels to the tissues 
and cells leads to anoxia and death (Brown & Saddler, 1989). The functioning of the 
gills is greatly impacted because acid water increases the permeability of fish gills to the 
surrounding water (Brown & Saddler, 1989). Abnormalities such as abnormal opercula, 
severe active fin erosion, gill damage, skin damage, cysts and skin necrosis were 
observed in fish captured in the Klip River (Kotze, 2002). 
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2.3.2.4 Nutrients  
South Africa has very few natural lakes and the majority of these lakes are found in rural 
areas that are very remote and are not suitable to supply water to urban areas 
(Oberholster & Ashton, 2008). Dams and reservoirs are major water storage facilities for 
water supply (Oberholster & Ashton, 2008). Due to inadequate and overloaded sewage 
treatment plants, a large amount of sewage coming from urban areas does not meet the 
standard for discharge into the aquatic environment (Oberholster & Ashton, 2008). 
Another source of eutrophication in South Africa is the industrial development which has 
impacted water bodies negatively (Oberholster & Ashton, 2008). The by-products of 
these industries contain hazardous chemicals which are released directly into rivers and 
sewer systems (Oberholster & Ashton, 2008). Waste disposed from the governmental 
landfill sites can seep harmful chemicals into the aquatic environment. Although 
enrichment of nutrients is a natural slow lake process, it may be increased extensively 
by human activities (Oberholster & Ashton, 2008). An understanding and knowledge of 
eutrophication in water bodies is still tremendously limited even though a large amount 
of work has been carried out. Most of South African rivers and streams contain high 
amounts of suspended silts and clay because of poor management of the catchment 
area, erosion and loss of aquatic fauna. 
Eutrophication is associated closely with anthropogenic activities which increase the 
process of eutrophication beyond natural rates through nutrient load increase into 
aquatic systems (Rast & Thornton, 1996). Cultural eutrophication of lakes is primarily 
instigated by an increase of nutrients, especially Phosphorus. The supply of rivers with 
excess Phosphorus is common in industrial discharges, sewage, agricultural runoff and 
urban areas (Carpenter, 2005). Most countries have implemented regulations on the 
point sources of nutrients (municipal and industrialized discharges) (Carpenter, 2005). 
However, point sources seem to have been replaced by non-point sources such as 
urban and agricultural lands, as the main contributors to the increase of eutrophication 
(Carpenter, 2005). A major driving force behind non-point sources is the application of 
fertilizers, resulting in the over accumulation of phosphorus in soils. Soils rich in 
phosphorus are eroded into the lakes and some of the dissolved phosphorus is 
absorbed by aquatic plants, thereby stimulating plant growth (Carpenter et al., 1998). 
The stream habitat can be changed considerably by eutrophication. The direct effects of 
eutrophication in streams are an abnormal increase of filamentous benthic algae, 
particularly during the summer months (Chessman et al., 1992). As a result of this, the 
river flow is altered in the environment, the habitat used by benthic invertebrates and 
vertebrates are also negatively affected (Chessman et al., 1992). Algal species such as 
Ulothrix spp., Cladophora spp. and Rhizoclonium spp. select nutrient-supplemented 
water conditions. Macrophytes and periphyton can modify the velocity of water in 
streams. Research conducted by Dodds & Biggs (2002) found that the current water 
velocity is reduced more by algae than macrophytes and with regard to different types 
of algae, opaque accumulation of diatoms, especially Cymbella, which reduces the 
speed of water more than filamentous green algae. An exponential decrease in velocity 
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with depth can be caused by aquatic plants. Cladophora and Ulothrix are able to attach 
themselves on concrete irrigation canals in city stream channels, thus reducing the 
water velocity (Dodds & Biggs, 2002). Water backup occurs as a result of aquatic plants 
blocking the rivers, streams and drainage ditches. This may cause flooding and loss of 
water through evaporation (Dodds & Biggs, 2002). 
The cyanobacteria is made up of oxygenic photosynthesizing bacterial groups with the 
capacity to produce chlorophyll-a and additional pigments such as Phycocyanin, 
Phycobilin, and Phycoerytrin proteins (Sanseverino et al., 2016). Studies on 
cyanobacteria have showed severe poisoning of animals by cyanotoxins (Sanseverino 
et al., 2016). Most of the cyanobacteria are aerobic, photosynthetic and they only 
require carbon dioxide, water, light and inorganic substances (Sanseverino et al., 2016). 
The blue green algae are able to invade salty, brackish or freshwater systems and have 
the ability to endure different dissimilarities in temperature. Infertile substrate such as 
rocks and desert can also be inhabited by the cyanobacteria (Dadheech et al., 2013). 
Cyanobacteria prefer freshwater where different species can spread along the water 
course thereby invading the deep water layers (Dadheech et al., 2013). Due to the high 
amount of phytoplankton density, high rates of turbidity prevails, the availability of 
sunlight is low and the cyanobacteria grow best under these conditions (Sanseverino et 
al., 2016). Cyanobacteria outcompetes other phytoplankton organisms which are under 
limitation of phosphorus or nitrogen (Sanseverino et al., 2016). 
One of the key water quality problems in the Vaal River system is also eutrophication 
which has resulted in the excessive growth of algal blooms and water hyacinths 
(McCarthy et al., 2007). This over supply of nutrients in the watercourse has affected 
the economy negatively due to the large expenditure required to control it. The impact of 
the treatment process increases significantly (McCarthy et al., 2007). Definite 
catchments contributing immensely to the problem of eutrophication includes the 
Waterval, Klip River (Gauteng), Suikerbosrand, Rietspruit and Koekemoerspruit. The 
above-mentioned catchments need to develop water quality management strategies to 
reduce the impacts currently being experienced by the Vaal River system.   
2.4 KLIP RIVER STUDY AREA AND CATCHMENT DESCRIPTION 
The rivers of the upper Vaal WMA include the Vaal, Liebenbergsvlei, Wilge, Klip and 
Mooi rivers. The catchment area for the upper Vaal WMA is 55 565 km2. This WMA is 
located where there are economically important dams such as Grootdraai Dam, Vaal 
Dam and Sterkfontein Dam (DWAF, 2004). The southern half of the WMA is found in 
the Free State, north-east section of Mpumalanga, and the northern and western parts 
of the WMA are located in the Northwest and Gauteng provinces (DWAF, 2004). The 
upper Vaal WMA forms part of the five WMAs in the Orange River basin. The upper 
Vaal is described in the National Water Resource Strategy (NWRS) to have three sub 
areas namely the Vaal, upstream of the dam, Wilge, and the Vaal downstream of the 
confluence with the Wilge River (DWAF, 2004). 
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The covered area by the Klip River catchment is estimated at approximately 3000 km2. 
The catchment area consists of three sub catchments namely the upper Klip, lower Klip 
and the Rietspruit (DWAF, 2009). The source of the Klip River is from a wide range of 
hills striding across the Witwatersrand area with the approximate distance of 60 km 
(DWAF, 2009). The topography of the Klip River catchment is undulating with the 
exception of smaller hills located in the northwest areas, such as the Klipriversburg 
(DWAF, 2009). The mine dumps also forms part of the landscape, especially in the 
catchment head waters of the Klip River (DWAF, 2009).       
The location of the city of Johannesburg is at the headwaters of the Klip River while the 
town of Vereeniging is made up of several industrial areas and is situated at the 
convergence of the Klip River and the Vaal River Barrage (DWA, 2009). The integrated 
units of analysis (IUA) description of the system are characterized by high urbanization. 
This is inclusive of rivers in Gauteng such as the Klip River, Blesbokspruit and the 
Rietspruit (DWA, 2009). The urban areas impacting on the rivers include Johannesburg, 
Soweto, Benoni, Brakpan, Sebokeng and Springs. The IUA are described by pollution 
from gold mining activities causing poor water quality (DWA, 2009).  
2.4.1 Topography  
The Klip River originates at the Witwatersrand range of hills running across the urban 
complex in Krugersdorp to Springs (east-west alignment) (DWAF, 2004). The ridge is 
part of the drainage border of the Crocodile River catchment and the large Vaal River 
catchment. The study area’s altitude varies from approximately 1800 m above sea level 
at the source of the Klip River to the altitude of 420 m above sea level (DWAF, 2004). 
The slope of the Klip River catchment is gradual, from approximately 1800 m in the 
eastern side to 1450 m in the western side nearby the Vaal Barrage (DWAF, 2004). 
Some of the steep areas can be found in the tributaries of the Wilge head waters 
located on the south-eastern border of the Orange River (DWAF, 2004). The flow of 
water is mainly from the upper Vaal WMA through to the middle Vaal, then lower Vaal 
and lower Orange WMA with the last destination into the Atlantic Ocean (DWAF, 2004). 
2.4.2 Geology  
The geology description of the Klip River is mostly complex with formations plummeting 
steeply towards the south and prominent in an east-westerly direction (Tutu et al., 2003; 
2008). The basement complex granite in the north is superimposed by hospital hill 
arrangement interbedded with shales and quartzites (Tutu et al., 2003; 2008). These 
are then sheltered by the Witwatersrand order of shales, quartzite and conglomerates 
containing gold-bearing reefs (Tutu et al., 2003; 2008). The distinctive gold-bearing 
conglomerate mineral composition of the Witwatersrand region is mainly 70 – 90% 
quartz, 10 – 30% of hyllosilicates and 1 - 5% of minor and accessory minerals of which  
pyrite (FeS2) is the most commonly identified out of more than 70 minor minerals in the 
reefs (Tutu et al., 2003; 2008).  
As the Klip River is located in the sub-humid climatic zone, it has led to the differential 
weathering of the underlying geology, thus increasing residual soils which extremely 
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differ over short distances (DWAF, 2004). The soil profile can either be firm or soft 
clayey silt to large rock pinnacles which are mostly unstable and have low permeability. 
The upper areas of the study area have soils which are mostly sandy loam while the 
downstream areas consist of clayey loam soils. The soils are mostly from the 
weathering of dolomite and sandstone (DWAF, 2004).   
2.4.3 Climate 
The Klip River catchment is mainly located within the Highveld eco-region with warm to 
hot summers and a mild, short winter period with cold nights and cool to warm days 
(Tutu et al., 2008). The rainfall season in the study area is mainly in summer and is 
sometimes accompanied by strong thunderstorms. The annual rainfall within the Klip 
River ranges between 600-732 mm and the annual evaporation potential is estimated to 
be 1700 mm (Tutu et al., 2008). 
2.4.4 Vegetation  
The study area within the Klip River catchment falls within the Bankenveld vegetation 
type of which Acacia caffra is the climax species in the north with sour bushveld mostly 
developing in rocky outcrops. The plant species Protea caffra and Celtis africana 
dominates areas where the habitats supports bushveld vegetation (Kotze, 2002). The 
study area also forms part of the grassland biome with a mixture of three vegetation 
units namely dolomite grassland, the Tsakane clay grassland and the Soweto Highveld 
grassland (Kotze, 2002). Grass species frequently found are Digitaria monodactyla, 
Eragrostis racemosa, Heteropogon contortus, Loutetia simplex, Panicum nataliensis, 
Themeda triandra, Trachypogon spicatus, Tristachya hispida, and Setaria flabellata, 
(Kotze, 2002). The downstream reaches of the Klip River catchment are mostly 
dominated by mixed to sour grassveld climax Cymbopogon-Themeda veld (DWAF, 
1996). 
A large number of the Klip River veld types have been disturbed through escalating 
developments and cultivation. Most of the farming takes place in rural areas and also in 
the downstream reaches of the river (Howie & Otto, 1996). There are also irrigation 
activities occurring along the Klip River and its tributaries (Howie & Otto, 1996). The low 
hills and rocky ridges, mostly located on the north and south-eastern region play a 
crucial role in the protection of the few remaining natural velds where endangered plant 
and animal species occur (Howie & Otto, 1996).  
2.4.5 Land use 
Gold was discovered in the Witwatersrand area in the late 1800s leading to a gold rush 
and mine establishment in the Johannesburg area which contributed immensely to the 
economy of South Africa (Winde & Sandham, 2004). The beginning of mining started in 
1886, firstly by extracting it from crushed ore with the use of mercury amalgam. The 
mine tailing were put in large dumps which resulted the formation of the current Klip 
River Catchment landscape feature (Winde & Sandham, 2004). It is estimated that 
approximately 240 mine tailing dumps have been registered in the Witwatersrand area 
and 103 of them are located in Central Rand (Winde & Sandham, 2004). The upper 
reaches of the Klip River catchment comprises of approximately 33 km2 of slime dams 
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and 6 km2 of sand dumps (Howie & Otto, 1996). Proprietary gold mines in the East 
Rand area is still one of the major sources of pollution (Howie & Otto, 1996).   
The Vereeniging area is also one of the important areas in the Klip River catchment, 
especially in the lower reaches at the confluence with the Vaal Barrage. The town plays 
a crucial role in the supply of water, where some of the Rand Water purification works 
are located (Howie & Otto, 1996). There are agricultural activities throughout the 
catchment area, especially near the town of Meyerton. There is a massive increase in 
the establishment of formal and informal residential areas (Howie & Otto, 1996). There 
are currently four WWTW in the East Rand and three in the southern part of 
Johannesburg which contribute as point sources of pollution along the river (Wepener et 
al., 2015). Approximately 65 mega L per day are utilized for pasture irrigation and an 
excess of 260 L per day are released into the Klip River. The WWTW at the Meyerton 
area together with Vereeniging, add to the increasing pollution volume within the Klip 
River (Wepener et al., 2015). The site-specific land use is further discussed under the 
description of the sampling sites identified along the Klip River catchment.       
2.5 BIOMONITORING  
Biomonitoring has evolved over the years to include trends in the quality of aquatic 
habitats and the environmental response to anthropogenic impacts, in addition to 
concerns about the suitability of water for its planned use (Dallas, 2007). The 
sustainable utilization and management of the environment is dependent on the 
thorough knowledge and understanding of the ecological status of a particular area. The 
main overall purpose of biomonitoring is to have a clear understanding of changes 
occurring through chemical exposure over a short- to long-term period (Pretti & 
Cognetti-Varriale, 2001). The value of biomonitoring is that it can detect effects even 
after the chemical exposure has ceased or be detected at chemical levels below 
analytical detection limits (Pretti & Cognetti-Varriale, 2001). 
It is very crucial to manage the water resources efficiently in a way that will provide 
support to the economy and provide the human population with a sufficient quality and 
quantity of water (DWA, 2013). A balance between the protection of water and 
utilisation for human activities is required in order to ensure sustainability of the aquatic 
natural resources and thus promoting economic development (DWA, 2013). To achieve 
this adequately, there should be improved water quality monitoring standards for the 
ecological protection of natural resources and a greater understanding of their 
functionality within the ecosystem (Todd & Roux, 2000). The water quality, productivity 
of plants, and soil fertility are influenced by critical processes at ecosystem level. 
Therefore most macro-invertebrates are very useful in defining aquatic environments 
characteristics (Abah et al., 2018)  
2.5.1 Bio-indicators used in rivers 
Biological indicator species don’t only specify or show the interaction of various 
conditions of the environment, but they should also respond to immediate change of 
other factors which are important (Li et al., 2010). There are various kinds of biological 
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indicators for monitoring in rivers and other water resources, but the most commonly 
utilized are the benthic macro-invertebrates, periphytons and fishes (Verb & Vis, 2005). 
Their efficacy in detecting change when separately used has been substantiated 
through numerous studies (Vis et al., 1998, Coste et al., 2009 & Matsuguma et al., 
2017). Most African countries have a very long history of using macro-invertebrates for 
the monitoring of the ecological condition of rivers (Bellingan et al., 2015). Macro- 
invertebrate communities are considered to be important components of riverine food 
webs in linking organic matter with the higher trophic levels (Uherek, & Pinto Gouveia, 
2014). Studies conducted by earlier researchers showed that macro-invertebrates 
maintained a particular fixed position in rivers and can therefore reflect both short term 
and long period changes in the quality of water (Uherek, & Pinto Gouveia, 2014). The 
structure of the community assemblages frequently change due to environmental 
impacts in predictable ways. This is the principal basis for the development of criteria for 
the evaluation of human impacts (Boyle & Fraleigh, 2003). The macro-invertebrates 
occur over larger range along the river. Therefore, extrapolations about the load of 
pollution have been made through the use of freshwater macro-invertebrates due to 
their differences in sensitivity among species (Azrina et al., 2006) 
 
2.5.2 The Integrated Habitat Assessment System (IHAS) for aquatic macro-
invertebrates 
The physical structure of a habitat is of vital importance to the diversity, composition and 
abundance of local biological communities (Dallas, 2007). The quantity and the quality 
of the available habitat for organisms play a key role in determining aquatic community 
potential (Norris & Thoms, 1999). As a result, it has been identified that the structure of 
the habitat is one of the major critical factors affecting the aquatic ecosystem ecological 
integrity (Chutter, 1994).  Therefore, all biological assessments should include some 
form of aquatic habitat assessment for accurate interpretation of the results (Dallas, 
2007).   
The assessment of habitats over the years has become a key component in the 
assessment of river ecosystems. A lack of ecological data on many of the taxa and a 
poor understanding of the interactions between macro-invertebrate species and their 
physical environments in rivers, negatively affects the development of habitat 
assessment systems that considers the aquatic macro-invertebrates requirements. A 
variety of macro-invertebrate habitat assessments have, however, been developed and 
utilised, especially for bio-assessment applications (Dickens & Graham, 2002).  
It was discovered in South Africa that the biomonitoring results conducted through the 
use of South African Scoring System (SASS5) may be influenced by diversity and 
quality of the macro-invertebrate habitat (Dallas, 2007). Macro-invertebrate habitat 
diversity was found to have the greatest impact after water quality (Dallas, 2007). 
Research conducted by Mahlangu (2014) recorded the modifications in the Klip River 
due to change in flow resulting in the erosion of the riverbanks. The change in flow was 
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due to the Olifantsvlei WWTW releases into the river and additional return flow from 
agricultural activities. These modifications contributed immensely to increased flow 
throughout the Klip River system. Unnatural changes in these flows of water due to 
anthropogenic activities affected the habitat availability such as pools and riffle with 
rapids and runs habitats. 
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3 CHAPTER THREE: MATERIAL AND METHODS 
3.1 SITE SELECTION 
 
A total of six sampling sites were selected along the Klip River catchment (Table 1; 
Figure 2). Different sources of impacts along the Klip River system were taken into 
consideration during the selection of study sites. The study sites cover the areas from 
the upstream source of the Klip River to the lowest point of the river downstream. Other 
factors that influenced the selection of the sites included accessibility to the sites and 
the suitability of the area to conduct biomonitoring. Suitability considerations included 
the availability of biotopes such as vegetation, gravel, sand, mud and stones required 
for SASS5 biomonitoring (Dickens & Graham, 2002). Previous studies have been 
conducted at some of the sampling points which were beneficial for comparison 
(Mahlangu, 2014). The selected study points involved areas that were largely impacted 
by mining activities, especially upstream points, possible impacts from sewage 
treatment plants and water release into the Klip River, agricultural activities and 
industrial activities as observed on site. Different anthropogenic activities along the Klip 
River study area were expected to impact the system in various ways; as a result the 
selection of study sites were based on the high risk areas as identified through previous 
research. A brief description of the site conditions is presented in the next section. The 
description focuses on the current impacts and activities observed during the survey 
periods.  
Table 1: Coordinates and a summary description of the selected sampling sites in 
the Klip River 
SITE  
NAME 
LATITUDE LONGITUDE SITE DESCRIPTION 
K1 26°08'16.3"S +27°49'19.7"E The upstream point is situated at the source of Klip River in the 
Roodepoort area called Lewisham. There are old mine waste 
dumps in the vicinity of the sampling point and a new municipal 
cemetery being constructed. 
K2 26°19'23.3"S +27°58'16.6"E The area is situated below the Lenasia, Soweto township and 
the Bushkoppies wastewater treatment works. The site is also 
downstream of the confluence of the Klipspruit and the Klip 
River.  
K3 26°19'32.7"S +27°59'16.7"E The point is at the Eikenhof area where there is a Rand Water 
pumping station and a shell garage upstream of the sampling 
points. 
K4 26°22'45.2"S +28°04'13.2"E The site is below the Zwartkoppies pumping station and there is 
cattle farming in the vicinity of the area. There is a large wetland 
located nearby the sampling point. 
K5 26°27'15.5"S +28°05'07.9"E The sampling site is situated below the confluence of the 
Rietspruit River and the Klip River. Afrimat Douglas dolomite 
mine, and agricultural activities are also positioned upstream of 
the sampling point. 
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K6 26°33'25.7"S +28°03'57.8"E Located downstream of the town of Meyerton towards 
Vereeniging. Surrounding activities are agricultural farming, 
industrial activities and urbanization. 
 
 
Figure 2: Map showing the location of the study sites (K1-K6) along the Klip River  
 
3.2 SITE DESCRIPTION    
 
Site K1 
The first study point is situated near the source of the Klip River in the Lewisham area in 
Roodepoort (Figure 3). There are areas of old mining and industrial activities in the 
vicinity. There is also currently construction of a cemetery in the vicinity of the study site. 
The habitat of site K1 is made of a narrow river with shallow waters. Most of the river at 
site K1 is shadowed by the riparian vegetation which have grown along the river banks. 
Cobble beds and a variety of marginal vegetation are present at site K1. The flow of the 
river is mostly very slow with areas of riffles and pools. The rocks in the river are slightly 
tainted orange which might be as a result of water contamination from the activities in 
the vicinity of the study site. A municipal grader was observed in one of the old mine 
dumps in the vicinity of site K1 which may contribute to the negative impacts observed 
on site. Litter pollution was observed along the banks of the sampling point.    
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Figure 3: Photographs of an upstream (A) and downstream (B) view of the K1 
study site. 
SITE K2 
Site K2 is located below Lenasia and Soweto Township. The study point is also in the 
vicinity of the Olifantsvlei WWTW (Figure 4). The site at this point is not shadowed by 
trees and it is also very wide and slightly deep in some of the areas. The instream 
habitat comprises of mud, stones and marginal vegetation with the banks showing signs 
of erosion. It was observed during sampling that the flow current is stronger which is 
mainly due to water releases from the Olifantsvlei treatment works and residential areas 
upstream. These increased flows have contributed immensely to the erosion of the river 
banks which appear to be vertical in some sections. There are also agricultural 
activities, industrial activities and informal settlements upstream of this sampling point 
which may possibly have an impact on the water quality. Local communities also utilize 
the river for recreational purposes such as fishing.   
  
 
Figure 4: Pictures showing an upstream (A) and downstream (B) view of the K2 
study site 
Site K3 
This sampling point is located at the Eikenhof area of the Klip River (Figure 5). The 
potential impacts on the river at this section is mainly a petrol station and agricultural 
activities located upstream of the study point. There is also the Rand Water Eikenhof 
pump station in the vicinity of the area which also occasionally releases portable 
drinking water into the stream during the operation of the station. Brick factories were 
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also observed in the vicinity of the study site. The stream consists of shallow to deeper 
areas of about 1.6 m. The river at this section is wide and also has riparian trees along 
the banks. The habitat consisted of marginal vegetation, stones and gravel, sand and 
mud. There is also a road bridge crossing over the river which the local communities 
utilize for fishing. The flow current at the point was mainly slow to medium. The mud 
biotope was relatively in abundance as compared with other biotopes which made it 
even more difficult wading in the stream.  
 
Figure 5: Pictures showing an upstream (A) and downstream (B) view of the K3 
study site 
Site K4 
The K4 sampling site is in the middle of the study area and also below very active 
agricultural activities (Figure 6). The river is very wide in this region and consists of very 
strong flow from the return flows of the local industrial activities and the Rand Water 
Zwartkoppies pumping station. The habitats at the section consist of stones, mud, 
gravel and a very limited in-stream and marginal vegetation which might be as a result 
of increased flow. Erosion control measures in the form of gabions have been installed 
in the area to rectify the erosion occurring in the section from the strong currents. 
Observed at the section was a constructed weir in the river which causes pooling. There 
is also a large wetland upstream of the river which contributes immensely in the filtering 
of pollutants entering the Klip River. There is a stream upstream of the sampling points 
bringing in a flow of water from the Brackenhurst suburb in the Alberton area which on 
several occasions had a foul smell.   
 
Figure 6: Pictures showing an upstream (A) and downstream (B) view of the K4 
study site 
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Site K5 
The position of the site is below the confluence of the Rietspruit with the Klip River 
(Figure 7). The current at this point is very strong and the river very wide and deep with 
signs of erosion. The habitat at this point also consists of mud, stones and different 
types of marginal vegetation. The land use activities are less at this point and the 
habitat can be considered near natural with the exception of roads and bridges crossing 
the river. 
 
Figure 7: Pictures showing an upstream (A) and downstream (B) view of the K5 
study site 
Site K6 
This downstream site is located at the town of Meyerton (Figure 8). The land use in the 
area consists mainly of agriculture and industrial activities. The river is very wide and 
deep with a very strong current from increased flow. Disturbance of the river banks by 
heavy machineries was observed.    
 
Figure 8: Pictures showing an upstream (A) and downstream (B) view of the K6 
study site 
 
3.3 WATER ANALYSES 
The water samples for the study sites were collected for biological (bacteria & 
chlorophyll-a) and for chemical analyses (metals & nutrients). Samples for water quality 
analyses were collected during high-flow (April 2018) and low-flow (July 2018) 
conditions. Water samples were taken from the six selected study sites at a depth of 10 
cm below the water surface. The volume of water taken was 1 L for chemical and 1.5 L 
for biological analyses (Figure 9). Separate sterilized bottles were utilized for the 
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collection of water for Chlorophyll-a and fecal coliform analyses. The collected water 
samples were taken to a SANAS-accredited laboratory, WaterLab Pretoria. Nutrient 
parameters analysed included nitrite, nitrate, total phosphate and free and saline 
ammonia. Metal analysis was done using inductively coupled plasma mass 
spectrometry (ICP-MS) at WaterLab Pretoria. The total number of metals assessed was 
68.  
3.4 IN-SITU PHYSICO-CHEMICAL PARAMETERS  
 
Measurement of the physico-chemical parameters was conducted in situ at each 
sampling site (K1-K6). The measuring and recording of in situ water quality parameters 
was conducted using a calibrated Eutech PC 450 water quality meter for the 
parameters: pH, temperature (°C) and electrical conductivity (μS/cm), and a Eutech 
Cyber Scan DO 300 meter for dissolved oxygen (mg/L & % saturation).  
3.5 EVALUATION OF THE WATER QUALITY RESULTS  
 
The parameters were compared to, where applicable, against target water quality 
ranges (TWQR) for aquatic ecosystems (DWAF, 1996). The South African Water 
Quality Guidelines for Aquatic Ecosystems is basically a specification of the 
concentration of the surface water quality needed to protect aquatic ecosystems mainly, 
freshwater. The guideline also provides quantitative and qualitative criteria for acute and 
chronic noxious effect for poisonous constituents. The criterion also offers protection to 
the structure and functioning of the ecosystem (DWAF, 1996).  
 
 
Figure 9: Picture showing water quality samples collected at sampling sites 
3.6 MACRO-INVERTEBRATES 
 
The macro-invertebrates in the Klip River were evaluated using the South African 
Scoring System Version 5 (SASS5) (Dickens & Graham, 2002). The SASS5 
methodology is compliant with South African National Accreditation System (SANAS) 
accreditation protocols. It is the method initially established by the British Monitoring 
Working Party (BMWP) and adjusted to suit the South African environmental conditions 
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(Dallas, 2007). The SASS5 method incorporates biotopes in a river and provides an 
indication of the aquatic macro-invertebrate community tolerance to water quality 
stressors through the monitoring or recording of their presence in a study area. 
Abundance and diversity of taxa is recorded and each taxon is allocated a score as per 
their level of tolerance to pollution (Dallas, 2007).The student is currently not accredited 
but working towards accreditation by collecting infield data as required to be accepted 
for testing to be accredited.  
The macro-invertebrates were collected through the use of invertebrate net of 30 x 30 
cm2 consisting of 1 mm mesh netting. Sampling for various biotopes was conducted as 
per SASS5 protocol (Figure 10). The technique involved the mixing of the river 
substrate with the feet and consequently directing the macro invertebrates into the 
meshed SASS5 net. The net was swept through the water in the specific area for the 
collection of the macro-invertebrates in the biotope being sampled. The biotopes 
sampled comprised of stone in- and out-of-current, vegetation and gravel, sand and 
mud (GSM) (Dickens & Graham, 2002). A SASS5 scoring sheet where organisms are 
identified to a family level was used to record macro-invertebrates on site. The site is 
assigned a quality score based on the organism’s resistance to disturbances and 
pollution. Resistant organisms are given low scores and sensitive organisms given high 
scores. The observation and identification of macro-invertebrates in the SASS5 tray was 
done for 15 minutes per biotope (Dickens & Graham, 2002). The operation was stopped 
if no new taxon was seen for approximately 5 minutes. The observed taxa were 
recorded under the specific biotope heading before combining the three columns to 
calculate the total for the site (Dickens & Graham, 2002). Identification of the 
invertebrates was done to family level using the invertebrate field guide for South 
African Rivers (Gerber, & Gabriel, 2002).  
3.6.1 Stones biotope 
The stone biotopes at the Klip River sites were sampled by forcefully turning the stones 
with kicks and shuffle motion holding the sampling net in the downstream direction of 
the river. The activity resulted in macro-invertebrates being dislodged from the stones 
into the net. Stones in current were sampled for two minutes and the stones out-of-
current sampled for one minute (Dickens & Graham, 2002). 
3.6.2 Vegetation biotope 
The vegetation biotope sampled mainly consisted of marginal vegetation such as reeds, 
grass and sedges. These were mainly vegetation growing on the river banks. Sampling 
of vegetation included both in-and out-of-current vegetation. A total length of 2 m in and 
out-of-current vegetation were sampled (Dickens & Graham, 2002). However, in-current 
vegetation was not available at most of the study sites. 
3.6.3 Gravel sand and mud biotope (GSM) 
The sampled gravel included small stones of <2 cm in size. The gravel was stirred by 
scrapping with the feet while sweeping the net continuously over disturbed areas to 
direct dislodged biota into the net (Dickens & Graham, 2002). Sand grains sampled 
were <2 mm in diameter concentrating on slow flowing to still water. Mud, silt and clay 
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particles sampled were <0.06 mm in diameter. Collection of samples in- and out-of-
current was combined into a single gravel, sand and mud (GSM) biotope sample 
(Dickens & Graham, 2002). 
 
Figure 10: Pictures showing biomonitoring being conducted at the study sites 
(K1-K6). 
The identification and calculation of SASS5 indices was done as per Dickens & Graham 
(2002). The calculations were done by recording the families observed irrespective of 
abundance in any of the biotope on the scoring sheet. Each taxon has been allocated a 
score based on their vulnerability or resistance to disturbances and water pollution 
(quality score). Families that can tolerate pollution and disturbances are given a lower 
score and species susceptible to pollution and disturbances are allocated higher score. 
The observation and identification of organisms were conducted for a maximum time of 
15 minutes per biotope. The observation process was stopped if no new taxon was 
seen for 5 minutes (Dickens & Graham, 2002). The observed taxa were recorded per 
biotope and the score per biotope were then added into a total per taxa. Quality scores 
for each taxon were allocated on the scoring sheet and added up to provide the SASS5 
score. The total number of the recorded taxa was then divided by the number of families 
to provide an average score per taxa (ASPT). The interpretation of the results was 
conducted through the use of the classification system for the Highveld upper aquatic 
Eco region as per Dallas (2007) (Figure 11) and description of classification system 
categories were determined according to Dallas (2007) (Table 2). 
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Table 2 : Ecological categories and descriptions utilized in biotic assesments 
(Adapted from Dallas (2007) 
CATEGORY DESCRIPTION 
A Unmodified Conditions natural. No impacts. 
B Largely natural Most aspects natural. Small changes in community characteristics.  
C Moderately modified Some impairment of health evident. Clear community modifications. 
D Largely modified Impairment of health clearly evident. Unacceptably impacted state. 
E Seriously modified 
. Unacceptable state. Most community characteristics seriously 
modified 
F Critically modified Unacceptable state. Extremely low species diversity.  
 
 
Figure 11: Biological bands for the Highveld (Upper) Eco region (Dallas, 2007).  
 
3.7 INTEGRATED HABITAT ASSESSMENT SYSTEM (IHAS) 
The in-stream habitat at each of the sampling sites was evaluated through the use of 
the Integrated Habitat Assessment System (IHAS) (McMillan, 1998) (Table 3). The 
IHAS protocol was applied at each sampling point. Both the river condition and 
sampling habitat were evaluated and the total score calculated (McMillan, 1998). This 
system of scoring is based on a total of 100 points which are split into sampling habitat 
with 55 points and stream condition with 45 points. A further subdivision of the sampling 
habitat into three subdivisions namely stones in-current (20 points), vegetation with 15 
points and other habitat with 20 points. There were observations of erosion on some of 
the river banks observed on site which may have been attributed to increased flow 
within the Klip River system. The scores obtained for the habitat sampling and stream 
condition were added together to provide the total IHAS score. The IHAS evaluates the 
potential of the biotopes ability to provide adequate habitat for establishment by different 
macro-invertebrates.  
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Table 3: Categories for the Interpretation of integrated habitat assessment scores 
(Adapted from McMillan, 1998) 
 
% IHAS 
SCORE 
  
 
HABITAT DESCRIPTION CATEGORY 
>75% The condition of the habitat is considered to be more 
than adequate and possess the ability to support a 
various invertebrate fauna. 
GOOD 
65-75% Habitat condition is considered to be adequate and 
capable to support invertebrate fauna. 
ADEQUATE 
<65% Habitat is considered to be limited and unable to 
support adverse invertebrate fauna. 
POOR 
    
3.8 DATA ANALYSIS 
A multivariate statistical technique to evaluate the relationship between the study sites 
and the water variables and macro-invertebrates was conducted. The statistical analysis 
was carried out through the use of the software SPSS version 25. The principal 
component analysis (PCA) conferment of the selected sampling sites was done. The 
PCA is centered on the linear response model in establishing relations between 
environmental parameters and species of concern (Bhat et al., 2014). The results from 
the PCA ordination were sample map analysis on a two dimensional basis, whereby the 
analyzed results shows the similarities or dissimilarities between sampling sites. The 
suitability of the data for PCA was examined by Kaiser Meyer Olkin (KMO) and Bartlett’s 
sphericity tests (Ayeni & Soneye, 2013). The overlap of the original variables on each 
principal component was reduced by conducting Varimax rotation method in SPSS 
software.  
The SASS5 results were analysed as per the Dallas (2007) interpretation guidelines. 
The ASPT as a function of the SASS5 score was plotted within the data of each spatial 
group. The process is based on the relationship between the number of taxa and the 
SASS5 score that was negatively correlated with the sampled biotope numbers. The 
data was then analyzed and interpreted based on the evidence that, if either the SASS5 
score or the ASPT is above the band value, it will go to that value (Dallas, 2007).  
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4 CHAPTER FOUR: RESULTS  
4.1 WATER ANALYSIS  
4.1.1 In situ physico-chemical variables  
The dissolved oxygen ranged from a minimum of 7.94 mg/L at site K2 to the highest of 
8.87 mg/L at site K4 during the high-flow sampling period. The dissolved oxygen for the 
low-flow sampling ranged from 6.6 mg/L at K1 sampling site to the highest of 9.6 mg/L at 
site K5. The dissolved oxygen recorded at all sampling sites complied with the acceptable 
target water quality range (TWQR) of which safe acceptable values for dissolved oxygen 
are between 6 and 9 mg/L. The percentage for dissolved oxygen for aquatic life according 
to the TWQR is between 80% and 120%. The sites sampled that were not compliant with 
the target water quality range were K1 (61%), K3 with 67% and K5 with 71% (Table 5). 
The pH at all the sampling sites ranged from an acidic pH of 4.16 at site K1 to slightly 
neutral to alkaline pH of 7.39 at site K6. The recorded pH at the study sites K2 to K6 fell 
within the TWQR for aquatic ecosystems of which safe acceptable value are between 6 
and 9. The pH measured at site K1 during the high-flow conditions did not comply with 
TWQR. 
The EC for the study area ranged from 232.2 µS/cm at site K1 to the highest of 954 µS/cm 
measured at sampling site K5. According to the TWQR, the EC for aquatic ecosystems 
should not differ with the background value by fifteen percent (DWAF, 1996). The 
temperature ranged from 9 °C during low-flow period at K1 to the highest temperature of 
18 °C during High-flow period at site K2 during. The measured temperature values were 
within the limits as per TWQR for aquatic organisms. 
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Table 4: In-situ physico-chemical variables for sampling sites K1 to K6 measured during high-flow conditions (April 2018) and low-flow conditions (July 2018) 
in the Klip River.  
 SITE K1 SITE K2 SITE K3 SITE K4 SITE K5 SITE K6 
VARIABLES TWQR HIGH-
FLOW 
LOW-
FLOW 
HIGH-
FLOW 
LOW-
FLOW 
HIGH-
FLOW 
LOW-
FLOW 
HIGH-
FLOW 
LOW-
FLOW 
HIGH-
FLOW 
LOW-
FLOW 
HIGH-
FLOW 
LOW-
FLOW 
DO % Saturation of  
80 -120% 
87.7 61.0 89 86.0 98 67.0 94.5 86.0 86 71.0 89 86. 
DO  mg/L Between 
6 and 9 mg/L 
8.86 6.6 7.94 8.4 8.58 7.5 8.87 9.6 8.6 8.0 8.6 9.3 
TEMP (°C) >2°/10°  
of reference 
value 
14.3 9.1 18 11.3 22 10,9 19 11.0 17 11.0 16 11.0 
PH > 15%  
of reference 
value 
4.16 6.3 7 7.0 7.1 6.7 7 7.0 7.7 6.8 7.8 7.0 
Electrical 
Conductivity(µS/cm) 
> 15%  
of reference 
value 
399 232.2 589 600.9 587 599.0 588 592.0 889 954.0 882 937.0 
Nitrate as N (mg/L)  
 
0.05 mg/L 
0.6 0.6 3.9 4.2 4.1 4.3 4.6 6.0 4 4.3 4.5 4.6 
Nitrite as N (mg/L) <0.05 <0.05 0.4 0.3 0.4 0.3 0.3 0.4 0.4 0.4 0.3 0.4 
Total Phosphate as P 
(mg/L) 
0.01 mg/L <0.2 <0.2 0.6 0.8 0.7 2.3 0.6 7.1 0.7 0.7 0.7 1.6 
Chlorophyll-a in µg/L  N/A <1 1 8 11 8 3 7 4 7 <1 <1 5 
Faecal Coliform 
Bacteria / 100 mL  
N/A 1 3 410 1 400 490 2 000 870 1 700 4 000 610 2 000 460 
Free & Saline 
Ammonia as N (mg/L)  
0.007 mg/L 0.2 0.2 1 3.4 0.9 3.2 0.2 1.9 1 1.5 0.4 0.8 
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Figure 12: Bar graphs for the selected in situ physico-chemical properties 
showing the variation between different sampling sites (K1-K6) during high-flow 
(Sampling period 1) and low-flow (Sampling period 2) conditions in the Klip River.  
 
4.1.2 Nutrients and biological parameters  
 
The concentrations of nitrates ranged from 0.6 mg/L at site K1 to the highest of 6 mg/L 
measured during low-flow sampling at sampling site K4. The concentration of nitrates at 
all sampling sites exceeded the target water quality range (TWQR) of 0.05 mg/L. The 
nitrite measurements were only within the limits of the target water quality range 
(TWQR) of 0.05 mg/L at site K1 during both sampling periods. The measurements at 
sampling sites K2 to K6 were similar with the measurement of 0.3 and 0.4 mg/L which 
were also above the TWQR.  
The measured amount of free and saline ammonia ranged from 0.2 mg/L at site K1 to a 
maximum of 3.4 mg/L during low-flow conditions at sampling site K2. The target water 
quality range for ammonia is 0.007 mg/L and the sampling sites measurements ranged 
from 0.2 to 2.3 mg/L at site K3. The levels of chlorophyll-a was the highest at sampling 
site K2 measured during the low-flow, second sampling period. Site K1 had the lowest 
concentration of chlorophyll-a. The amount of faecal coliform bacteria was the highest at 
sampling site K5. This might be attributed to the sewage waste water treatment facility 
release upstream of the K5 sampling point. There were no faecal coliform bacteria 
recorded at sampling site K1 situated upstream near the source of the Klip River. 
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Figure 13: Bar graphs for the selected nutrient and biological parameters 
showing the variation between different sampling sites (K1-K6) during high-flow 
(Sampling period 1) and low-flow (Sampling period 2) conditions in the Klip River. 
 
4.1.3 Metals 
 
The concentration of Aluminum exceeded the TWQR at all sampling sites. The highest 
concentration recorded was at sampling site K1 located upstream with a level of 0.45 
mg/L. The concentrations were also above the chronic acute levels (CEV) at all sites. 
Sites K1, K4, K5 and K6 recorded a concentration above the acute effect value (AEV) 
with a concentration of 0.45 mg/L. The concentration of Boron has shown an increasing 
trend from upstream to downstream from site K1 with a concentration of 0.02 mg/L and 
site K6 at 0.07 mg/L. Barium levels were the same at all sampling points with 0.02 mg/L 
recorded during sampling period 2 and 0.03 mg/L recorded during sampling period 1.  
Calcium levels ranged from the lowest of 16.3 mg/L at site K1 to the highest of 71.42 
mg/L recorded at site K5. The highest levels of Iron were recorded during the second 
sampling period and the lowest of 0.27 mg/L recorded at site K5. There was an 
increasing trend from upstream to downstream in the levels of potassium from site K1 
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(0.92 mg/L) to the highest of 11.48 mg/L recorded at site K6. Magnesium concentrations 
ranged from 3.75 mg/L to 22.35 mg/L at site K6. The TWQR of 0.18 mg/L for 
Manganese was exceeded at all sites and the CEV value of 0.37 mg/L was exceeded at 
site K1 during sampling period 1. The level of Zinc at site K1 exceeded the limits for 
TWQR, CEV and AEV. Sites K2 to K6 only exceeded the limits for TWQR and CEV. 
There was also an increasing trend from K1 to K6 in the levels of Sodium, Phosphorus, 
Silicon, Strontium and Thallium. Other metals analyzed for, such as Bismuth, Beryllium, 
Cobalt, Chromium, Copper and Gold, were below detectable limits.  
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Figure 14: Bar graphs for metals showing an increasing trend in concentration from upstream to downstream sites 
(K1 to K6) for both sampling periods (1=high-flow & 2=low-flow) in the Klip River. 
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Figure 15: The concentration of metals measured in mg/L for sampling site K1 to K6 for both sampling periods (1=high-flow & 
2=low-flow) in the Klip River study area as determined by ICP-MS analysis.  
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4.1.4 Macro invertebrates  
Biomonitoring was conducted at all sampling points (K1-K6) during the months of April 
2018 and July 2018. The highest ASPT score measured during the high-flow sampling 
period was at site K1 with a total SASS5 score of 29. The total numbers of families 
recorded were six. The lower number of macro-invertebrates may be attributed to the 
low measured pH of 4.1 during the sampling period. The ASPT score was even lower 
during the low-flow sampling period with an ASPT score of 3.33. The numbers of 
macro-invertebrate families observed at site K2 were 8 and the ASPT score measured 
during high-flow conditions was 4. The highest ASPT score measured at sampling site 
K3 was 3.67 measured during low-flow conditions as compared to the ASPT score of 
3.20 recorded during high-flow conditions. Site K4 recorded the highest SASS5 score 
during the low-flow sampling period with an ASPT score of 4.22. The numbers of 
families recorded at site K5 were 9 during the high-flow sampling period and 5 during 
the low-flow sampling period. The SASS5 score recorded at site K6 was 30 during high-
flow sampling and 33 during low-flow sampling. 
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Table 5: Macro-invertebrate assessment results including SASS5 scores, ASPT, number of taxa and ecological class 
categories for sites K1-K6 in the Klip River sampled during high-flow (A) and low-flow (B) conditions 
SITE DESCRIPTION K1 K2 K3 K4 K5 K6 
SAMPLING PERIOD A B A B A B A B A B A B 
Turbellaria 
      
x 
     Oligochaeta       
    
x x 
 
x x x x 
 Leech             
       
x x 
  
x 
Amphipoda x 
           Potamonautidae 
  
x 
    
x x 
   Baetidae 1sp x 
  
x 
 
x x x 
 
x x x 
Coenagrionidae 
     
x 
 
x 
  
x x 
Gomphidae         
       
x 
    Belostomatidae 
  
x 
     
x 
   Corixidae x 
  
x x 
      
x 
Gerridae 
 
x 
   
x 
      Notonectidae 
  
x 
         Hydropsychidae 1sp 
   
x 
  
x x 
 
x x x 
Dytiscidae 
  
x x 
  
x x x 
 
x 
 Gyrinidae 
     
x 
      Ceratopogonidae 
  
x 
 
x 
 
x x x x x x 
Chironomidae 
 
x x x x x x 
 
x x x x 
Culicidae 
 
x 
 
x 
       
x 
Simuliidae 
  
x 
 
x x x x x x 
 
x 
Ancylidae 
  
x x 
   
x x x 
  SASS5 SCORE 29.0
0 
10.0
0 
32.00 17.0
0 
16.00 22.00 20.0
0 
38.00 33.00 19.0
0 
30.00 33.00 
ASPT 4.83 
 
3.33 
 
4.00 
 
3.40 
 
3.20 
 
3.67 
 
4.00 
 
4.22 
 
3.67 
 
3.80 
 
4.29 
 
4.13 
NUMBER OF 
FAMILIES  
6.00 
 
3.00 
 
8.00 
 
5.00 
 
5.00 
 
6.00 
 
5.00 
 
9.00 
 
9.00 
 
5.00 
 
7.00 
 
8.00 
ECOLOGICAL 
CLASS 
E/F E/F E/F E/F E/F E/F E/F E/F E/F E/F E/F E/F 
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Across all the sample sites, there were a lower number of macro-invertebrate families 
that are sensitive to water pollution such as Odonata, Trichoptera and Ephemeroptera. 
The sensitive families are in most cases indicators of less polluted water quality 
(Dickens & Graham, 2002). There was very high abundance of invertebrates from the 
Diptera order which might be attributed to high levels of nutrients measured at the study 
area. The Diptera order is regarded as indicators of water quality in poor conditions. The 
low ASPT and SASS5 scores are a reflection of a very poor habitat condition and poor 
water quality. The only adequate habitat condition at site K1 yielded a lower number of 
taxa which could be due to high levels of metals measured at the sampling point making 
it unbearable for the macro-invertebrates to survive. High levels of metals measured at 
site K1 included Silver, Iron and Aluminium. There is, however, also increased flow into 
the river from industrial activities which are having a negative impact on the biological 
components of the river system.   
4.1.5 Integrated habitat assessment (IHAS) 
The IHAS scores for the study sites indicated that the availability of habitat and quality 
for inhabitations by macro-invertebrates were inadequate, with the exception of site K1, 
located at the source of Klip River. It can be noted that no difference could be depicted 
in the overall IHAS score between high-flow and low-flow sampling periods within the 
Klip River study area. Site K5 had the highest score of 21 for the sampling habitat 
stones in-current and site K3 scored the lowest, with 11. The habitat score for 
vegetation ranged from the lowest at site K3 to the highest of 8 at site K1. The score for 
the stream condition was the highest at site K1 and the lowest score of 16 at site K5. 
Sites K2 and K4 both scored 17 while site K6 scored 21 for the physical stream 
condition. 
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Table 6: Integrated habitat assessment results for sites K1-K6 in the Klip River 
sampled during high-flow (April 2018) and low-flow (July 2018) condition. 
SITE 
DESCRIPTIO
N 
K1 K2  K3 K4 K5 K6 
 April  
2018 
July  
2018 
Apri
l 
2018 
July 
2018 
Apri
l 
2018 
July 
2018 
Apri
l 
2018 
July 
2018 
Apri
l 
2018 
July 
2018 
Apri
l 
2018 
July 
2018 
Sampling Habitat         
Stones-In-
Current 
13 13 13 13 11 11 18 18 21 21 16 16 
Vegetation 8 8 7 7 5 5 6 6 6 6 5 5 
Other Habitat / 
General 
19 19 17 17 11 11 16 16 15 15 12 12 
Stream Condition         
Physical 32 32 17 17 20 20 17 17 16 16 21 21 
Total IHAS 
(%) 
72 72 54 54 47 47 57 57 58 58 54 54 
Class Adequate Adequate Poo
r 
Poo
r 
Poo
r 
Poo
r 
Poo
r 
Poo
r 
Poo
r 
Poo
r 
Poo
r 
Poo
r 
 
Figure 16: Examples of habitat conditions observed at the Klip River sampling 
sites 
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4.1.6 Data analysis 
Principle component analysis was performed to identify the relationship between in situ 
parameters, metals, nutrients, biological components, macro-invertebrates and the 
selected site K1 to K6. The positively correlated variables are grouped together and the 
negatively correlated variables are located on the opposite site of the origin of the plot. 
The quality of the variables on the bi-plot is measured by the distance and origin (Green 
line). Three components were extracted from the in situ, nutrients, biological and metal 
variables results. The first component accounted for 69.905%, the second component 
was 21.151%, and the third component accounted for 6.460%. The total cumulative 
variance of the three components accounted for was 95.516%. Sites K4 & K5 grouped 
together with DO, EC, pH. Chlorophyll-a, Total Phosphates, Nitrites and Nitrates 
grouped with sites K2 and K3 (Figure 17). The PCA for metals and sampling sites 
indicated a grouping for Cobalt, Silver, Nickel and Iron with site K1. The metals 
Magnesium,  Phosphorus, Boron, Silicon, Barium and Aluminium showed a grouping 
with site K6 and Potassium, Calcium and Sodium with sites K2 and K5 (Figure 18). Site 
K1 grouped with the macro-invertebrates Culicidae and Amphipoda. Sites K3 and K6 
grouped with the macro-invertebrate families Gerridae, Gyrinidae and Coenagrionidae. 
Site K2 and K5 showed an association with macro-invertebrate families Baetidae, 
Gomphidae, Notonectidae, Dytisdae, Hydropsychidae and Belostomatidae.  
 
Figure 17: A bi-plot depicting the relationship between in situ parameters, 
nutrients and biological components and sampling site K1 to K6 
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Figure 18: A bi-plot depicting the relationship between metals and sampling sites 
K1 to K6 
 
Figure 19: A bi-plot depicting the relationship between macro-invertebrates and 
sampling sites K1 to K6 
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5 CHAPTER FIVE: DISCUSSION  
 
Historic pollution events within the Klip River system and its associated tributaries have 
resulted in adverse negative impacts to the abiotic and biotic components of the river 
(Mahlangu, 2014). Previous monitoring-related research conducted in the Klip River 
based on the physico-chemical properties confirmed pollution of the system (Mahlangu, 
2014; Wepener et al., 2015). In this study, analyses of the physico-chemical and 
biological components, macro-invertebrate communities and habitat structure confirmed 
the poor ecological sate of the Klip River.  
Water sampled from sites K1 to K6 revealed pollution of the system. The optimum pH is 
required for the survival of aquatic organisms. If the level of the pH is higher or lower 
than the organism’s tolerable levels, they may experience death due to osmoregulatory 
and respiratory disorders (Netto et al., 2013).The lowest pH was measured at site K1 
with a pH value of 4.16 during the high-flow season and the highest pH 7.8 was 
recorded at site K5. The prevalence of mortality in rivers may be attributed to decreased 
or increased pH of the water. The recommended pH for survival of organisms in South 
African rivers is 6-9 (DWAF, 1996). At site K1, the pH was not within the recommended 
range and as a result it may have attributed to low number of invertebrates recorded at 
the sampling point, due to low pH and the associated toxicity effects. The low pH may 
be related to the high levels of metals recorded at site K1. The principal component 
analysis showed the relationship of metals such as Aluminium, Silver, Copper, Iron and 
Nickel with site K1.The relationship shows that the high concentration of these metals 
were released into the Klip River at site K1.  
 The low pH levels may be due to the old mine dumps in the vicinity of site K1. There 
was also a construction of a new cemetery in the vicinity of site K1 which may also have 
contributed to low pH through the release of contaminated water into the river. The 
disturbed soil containing metal elements may be washing into the stream nearby. The 
reason for the above statement was the old mine waste dump stockpiles was observed 
being removed with machineries at site K1. The pH at sites K2 to K6 was within the 
recommended range of 6-9. The levels of temperature, dissolved oxygen were within 
the acceptable levels as per DWAF (1996). The high-flow water temperatures were 
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higher than the low-flow temperatures. This was expected due to seasonal changes 
from summer to winter.  
Electrical conductivity in water is mainly affected by the occurrence of minerals and 
dissolved salts such phosphates, nitrites, and chloride (Moore et al., 2008). Unpolluted 
water is typically weak in electrolytes; as a result the electrical conductivity of water 
solution will be reliant on the availability of the charged ions (Moore et al., 2008). The 
results from the study showed an increasing trend from upstream to downstream (K1-
K6) with regards to the electrical conductivity recorded. The electrical conductivity 
ranged from the lowest of 232 µS/cm at site K1 to the highest recording of 954 µS/cm at 
site K5. According to Wepener, et al. (2015), the measurement of conductivity in the 
Rietspruit and the Natalspruit were higher as compared to measurement at all sites of 
the Klip River. Increasing trends from upstream to downstream sites in conductivity may 
be attributed to the metals such as sodium, calcium, and magnesium which also 
showed and increasing trend from upstream to downstream at the selected sites. This 
shows that the Klip River tributaries are increasing the pollution load into the river. 
The nutrients necessary for most living organism’s well-being are phosphorus and 
nitrogen (MPCA, 2008). However, excessive amounts can cause pollution of rivers. 
Nitrogen entry into the ecosystem transpires in various chemical forms. Nitrogen can 
also occur in particulate form in tissues of living and dead organisms (MPCA, 2008). 
Nitrates and phosphates are crucial variables to measure in terms of water quality. 
Nutrient analysis was conducted to determine the levels of nitrates, nitrites, total 
phosphates and free & saline ammonia in the Klip River. The levels measured were all 
above the recommended TWQR for aquatic ecosystems. The nitrate levels ranged from 
0.6 mg/L at site K1 to the highest measured concentrations of 6.0 mg/L measured at 
site K4. The levels of nitrites were below the detectable limits at K1, but increased at 
downstream sampling points (K2-K6). The levels of nitrites were also constant from 
sites K2 to K6 with concentration levels of 0.4 mg/L during high-flow season and 0.3 
mg/L during the low-flow season. The highest level of total phosphates (7 mg/L) was 
measured at site K4 located nearby agricultural farming activities and Zwartkoppies 
Pumping Station. A study conducted by Ferreira et al. (2010) in the Klip River indicated 
levels of total phosphates above 0.13 mg/L at all sites. The levels above 0.13 mg/L are 
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considered to be scenarios whereby serious risk of eutrophication is likely to occur (van 
Ginkel, 2011). 
The discharge of contaminated sewage water from WWTWs into the Klip River seems 
to result in soil contamination and surface water pollution. In most instances, nitrogen 
and phosphorus are prevailing in these discharges and can cause a high risk to dams 
downstream to have eutrophication problems. The eutrophication process causes 
extreme plant growth and thus leading to algal blooms. The decomposition of the plant 
growth considerably decreases the volume of dissolved oxygen in the affected areas 
downstream and resultant in the destruction of aquatic life (Mbewele, 2006).  
According to study conducted by Wepener (2015), the levels of total phosphates in Klip 
River ranged from 0.03 to 0.48 mg/L and ammonia ranged from 0.24 to 0.38 mg/L. This 
indicates that there is further deterioration of the water quality as the concentration 
levels measured during this study have increased in comparison. Free & saline 
ammonia levels were the highest at site K2 (3.4 mg/L), located downstream of the 
WWTW and the lowest levels (0.2 mg/L) were measured at site K1, located at the 
source of the Klip River. The levels at all sites (K1-k6) were above the target water 
quality range of 0.07 mg/L. The amount of chlorophyll-a showed a decreasing trend 
from upstream to downstream, from site K2 to K6. A study conducted by van Vuuren & 
Pieterse (2005) confirmed that spatial variances in the concentration of nutrients and 
salinity have no effect on the amount of chlorophyll-a, there was a change in the 
composition of phytoplankton from upstream to downstream of the river. There was a 
notable change in the downstream reduction of cyanobacteria and species diversity. 
The faecal coliform levels at sites K2 to K6 showed an increasing trend from upstream 
to downstream sites during the high-flow period and the results showed a decreasing 
trend from upstream to downstream sites during the low-flow period. The highest levels 
recorded at site K5 may be attributed to poor management of the WWTW located 
upstream of the study site. The concentration levels do not comply with the TWQR for 
domestic use. According to Rand Water’s quarterly monitoring results for 2018 along 
the Klip River catchment, the lowest E. coli levels measured was 2183 per 100 mL to 
the highest of 71330 per 100 mL which was recorded below the Olifantsvlei WWTW 
where site K2 is located. The highest measured levels at site K4 as per Rand Water 
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monitoring records was 14332 per 100 mL. The high levels indicate that the poor 
management and working conditions of the WWTW are impacting on the Klip River.  
The ICP-MS analysis revealed the presence of metals at all sites within the Klip River. 
Aluminium, Zinc, Manganese were all above the TWQR limits. Aluminium, as the third 
most abundant mineral in the earth, is known to contribute to AMD impacts such as 
toxicity to aquatic life (DWAF, 1996). Aspects such as pH and organic matter content 
affect the Aluminum ions toxicity. The distribution of toxic Aluminum due to changes in 
the pH of water has a negative impact on the environment. The consequential results of 
this are the destruction of aquatic plants, deterioration in production of crops and human 
and animal functionality imbalances (Barabasz et al., 2002).  
The highest level of Aluminium was recorded at site K1 during the high-flow sampling. 
This may be attributed to the old mine dumps in the vicinity of the study site. Boron, 
potassium, calcium, magnesium, thallium and sodium concentration showed an 
increasing trend from site K1 to K6. This indicates the impacts on the Klip River are 
increased as the water moves from upstream to the downstream into Vaal River, 
resulting in increased downstream pollution. According to Van Rensburg (2008), soil 
irrigation during dry periods could be associated with salt accumulation in semi-arid 
climates, thereby resulting in salt leaching into soil to consequently pollute the nearby 
rivers. The agricultural activities, especially at sites K2, K4 and K6, may have 
contributed to the increase in the concentrations of potassium, sodium, calcium and 
magnesium. The metals silver, iron and zinc were the highest near the upstream source 
of the Klip River at site K1. The concentration levels of the metals decreased from site 
K2 to K6 which may be due to the filtering effects of the wetlands within the Klip River 
and the dilution effects from the industrial activities releasing into the river.  A study on 
the effectiveness of the wetlands filtering upstream pollutants was conducted in the Klip 
River and its tributaries such as the Natalspruit. The results indicated that the wetlands 
had higher efficiency in improving the water quality. However, the Natalspruit wetlands 
showed higher efficiency with regard to water quality improvement than the Klip River 
(Durgapersad, 2005).   
The high concentrations of metals and nutrients recorded at the selected sites are most 
likely having an impact on the macro-invertebrate communities in the river. The macro-
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invertebrate diversity was expected to be high at the upstream source point of the Klip 
River; however, the SASS5 scores and the ASPT scores indicated an unacceptable 
state. Only three families, namely Gerridae, Chironomidae and Culicidae were recorded 
during the low-flow sampling period in July 2018. This may also be due to the high 
levels of iron, silver and manganese measured at site K1, resulting in the low pH. 
According to the study by Mahlangu (2014), the SASS scores measured during that 
study ranged from a maximum of 87 at site K1 to the minimum of 17 and the ASPT 
recorded ranged from 5.11 at site K1 to 3.63 downstream of the Klip River. The 
condition of the macro-invertebrate communities has worsened as scores reduced (in 
the current study), when compared to the study conducted by Mahlangu (2014).  
According to McCann (2000), the food chain is expected to become shorter and simpler 
under pressure when sensitive species are lost and diversity decrease or, even the 
eradication of the whole trophic level can occur.  
The AMD can cause a decline of benthic macro-invertebrates, algae and fish species. 
The filamentous green algae covered by metal hydroxide may be unavailable for 
grazing macro-invertebrates which can tolerate adverse acid mining conditions 
(Hogsden, 2013). The level of chlorophyll-a recorded at site K1 was below the 
detectable limit, thus indicating unavailability of food for the macro-invertebrates. Macro-
invertebrate families found at sites K2 to K6 were mostly species associated with high 
concentrations of nutrients in the river, such as Simulidae and Dixidae. 
The integrated habitat assessment score ranged from of 72 at site K1 to the lowest of 
47 at site K3. The condition of the habitat showed signs of deterioration from sites K2 to 
K6. There were visible signs of active erosion occurring at sites. From on-site 
observations, the alteration of the habitat structure was mainly from increased stream-
flow as a result of anthropogenic activities. This includes WWTWs, townships and 
agricultural activities located upstream of site K2. These activities seem to have resulted 
in the widening of the river as it was evident on site during sampling. The increase in 
stream-flow may affect the macro-invertebrates by replacing particular habitat 
requirements such as pools with fast flowing rapids and runs. The weir at site K4 
contributes immensely to increased flow which resulted in erosion of the river banks. 
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The river at this point is also very deep resulting in the full inundation of bottom stone 
habitats. Signs of erosion were especially observed and recorded at site K5. 
During the sampling survey at site K6, municipal activities were observed altering the 
river bank with heavy machineries, thus affecting the water quality (primarily turbidity) 
and the quality of the habitat. The in-stream submerged vegetation was also found to be 
low which may also be due to increased flow of the river as well as pollution. There was 
also a high load of sediment from upstream reaches at sites K2, K3, K4 and K6, which 
altered the bottom substrate of the river, thus altering the habitat that may be utilized by 
macro-invertebrates. This was further indicated by the SASS5 and ASPT scores from 
sites K1 to K6, which were very low and thereby indicating the impacts of measured 
water quality and the poor condition of the habitat on site. In some cases, the impact on 
the macro-invertebrate communities may be attributed mainly to water quality, as the 
habitat condition showed site K1 to be in adequate state. The impacts on macro-
invertebrates from site K2 to K6 was indicated by both ASPT and SASS5 scores. The 
low SASS5 score mostly indicates alteration in the habitat and the ASPT score is said to 
be a more consistent measure of the river health quality in good condition (Dickens & 
Graham, 2002). There was no difference in habitat condition between high-flow and 
low-flow conditions. This is indicative that limited land-use changes occurred between 
sampling periods. 
Regardless of the Klip River catchment being ecologically important, there are number 
of concerns, such as the impacts of its tributaries, mainly the Rietspruit (DWA, 2011). 
The current poor ecological state cannot be improved without addressing water quality 
issues and the implementation of water quality management plan that integrates most 
components of the aquatic environment (DWA, 2011). It is evident that the AMD linked 
to the mining activities in the Witwatersrand affects rivers such as the Klip River and 
consequently also impacting the Vaal River through increased salinity (Hobbs, 2010). 
South Africa has a very good legislation with regard to the management of aquatic 
water resources, however, from this study, and other research conducted in the past, it 
is evident that the implementation of the current legislation is not effective. It is 
imperative that urgent implementation of the legislation is carried out through the 
enforcement of issued licences and imposing of penalties due to non-compliance with 
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the law.   The environmental regulation for the management of point water sources is 
available in South Africa, which is effective in some cases, where there are strict 
conditions in the licensing for the protection of water courses. However, there seem to 
also be no clear strategy in the management of non-point sources such as urban and 
agricultural lands. The major contributor of non-point source includes the application of 
fertilizer causing phosphorus accumulation in soil/sediment and leaching into the water 
courses and stimulates excessive plant growth (Carpenter, 2005). The levels of 
Phosphorus were high (as recorded in the current study), especially during the high-flow 
season from sites K2 to K6. No phosphorus was recorded for both sampling periods at 
Site K1, where there are less agricultural activities.   
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6 CHAPTER SIX: CONCLUSION AND RECOMMENDATION 
 
The aim of the study was to assess the current ecological status of the Klip River, with 
the focus on selected biological, chemical and physical parameters. This included 
monitoring of the water quality, habitat quality and macroinvertebrate communities. It is 
evident from the study that the anthropogenic activities along the Klip River have a 
negative impact on the water quality, habitat structure which in turn affects invertebrate 
communities. The major role players proposed to be contributing to the deterioration of 
the system includes mining activities and return flows from the WWTW. Removal of old 
mine dumps were observed in the vicinity of the Klip River, however, there were no 
environmental mitigation measures to prevent construction activities on impacting the 
aquatic resources. These sources of stressors may also be impacting on the quality of 
the resource. Rivers receiving higher metal discharges from mining activities could form 
Aluminium hydroxide or precipitated iron when the pH is raised through contact with 
freshwater. The Aluminium hydroxide diminishes oxygen availability as it develops. The 
diminishing oxygen may possibly lead to the development of eutrophication within the 
system. The gills of aquatic organisms may be covered by iron, engulf the eggs and 
inhabit the bottom of the river by filling in rock cracks and therefore making the 
substrate incapable of offering a healthy habitat for benthic organisms (Hoehn & 
Sizemore, 1977). 
Iron may have harmful effects on aquatic organisms (Hoehn & Sizemore, 1977).This 
might also be the case in the Klip River as the recorded levels of iron at all sites were 
high. The water released from the WWTWs along the Klip River has increased the 
erosion effects within the system resulting in the destruction of the habitat available for 
the macro- invertebrate communities. As indicated from the result, most macro-
invertebrates families recorded below the WWTWs were pollution-tolerant taxa. There 
was also an abundance of Simulidae which may be due to elevated faecal coliforms 
recorded at sites K2 to K6, which is due to the releases from WWTWs. From the 
outcome of the study, it is evident that the ecological status of the Klip River is in a poor 
state:  
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The first objective was to assess the macro-invertebrate communities at selected sites 
along the Klip River using the SASS5 protocol. This was successfully conducted at all 
the sampling point which indicated a poor state based on the macro-invertebrate 
communities. Some of the biotopes were difficult to sample as a result of increased flow 
within the river and the sediment at the bottom substrate of sites K2 and K3 may have 
affected the macro-invertebrate’s presence with regard to the stones in-current biotope. 
The second objective was to assess the habitat integrity of the selected sites using the 
IHAS protocol. The results indicated the habitat to be in a poor state from sites K2 to 
K6. The condition of the habitat contributes immensely to the presence of fauna and 
flora of a particular river. Poor habitat condition such as erosion of the stream banks 
may increase the sediment load in the river, thus affecting the unique bottom substrate 
such as the stones biotope that may be utilized by organisms. It was observed on site 
some areas have gravel road crossing the River (K1) which may also negatively affect 
the habitat condition with the resultant erosion and sediment increase in the Klip River. 
The increased sediment load might also affect the water turbidity of a particular river. 
There were different habitat alterations in the study area inclusive of loss of habitat 
diversity, changes in stream-flow and condition (Mahlangu, 2014). 
The third objective was to measure selected water quality parameters, inclusive of 
physical, chemical and biological characteristics during the high-flow season and low-
flow season at sites K1 to K6. The fourth objective was to evaluate the water quality 
results in terms of the available water quality guidelines for aquatic ecosystems. The 
results showed contamination of both metals and nutrients within the system.  
The fifth objective was to analyze the collected data to conduct spatial and temporal 
assessment of changes in water quality. A multivariate statistical analysis was 
conducted to determine the relationship between water quality variables and sampling 
sites. The metals Aluminium, Copper, Iron, and Nickel were associated with site K1. 
Site K1 grouped with the macro-invertebrates Culicidae and Amphipoda. Sites K3 and 
K6 grouped with the macro-invertebrate families Gerridae, Gyrinidae and 
Coenagrionidae.  
The first hypothesis stated that: The diversity and the presence of sensitive macro-
invertebrates will be negatively impacted downstream of point sources of pollution as 
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compared to the upstream. This is rejected as evident from the low ASPT and the 
SASS5 scores across all sites, mostly non-sensitive taxa were identified and there was 
a low diversity recorded at all study sites. 
The second hypothesis stated that: The habitat condition within the Klip River is greatly 
modified due to increased negative impacts within the river. The hypothesis is accepted 
as the integrated habitat assessment indicated the habitat to be in poor condition for 
macro invertebrates from sites K2 to K6. 
The third hypothesis stated that: The water quality at the selected study sites is 
expected to exceed the allowable target water quality range (TWQR) as per South 
African water quality guidelines for aquatic ecosystems. The hypothesis is also 
accepted as the results from the water analyses indicated the concentration levels of 
certain parameters to be above the TWQR. Metals such as aluminium, manganese and 
zinc were even above the chronic effect value (CEV) and acute effect value (AEV). The 
implication for biota is that if the CEV conditions persist over a longer period it can lead 
to fatality and destruction of sensitive organisms. The AEV conditions imply that if the 
acute value persists over a short period, or, in high frequency, it may result in fatality of 
organisms (DWAF, 1996).  
Recommendations 
The Klip River suffers from excessive negative impacts from anthropogenic activities 
along the river. The ecological status of the Klip River system is further declining as the 
conditions becomes worse as indicated from various studies. This study was a snapshot 
view of the current ecological condition, but nevertheless provides important information 
for future biomonitoring. The Vaal River receives pollution from the upstream mining 
activities; however, the impacts of these activities with regard to human and animal 
health are in most cases, not known. Studies on the water and sediment quality and fish 
health in the Vaal River revealed accumulation of metals in sediment and in fish tissue 
(sharptooth catfish) at 4 sampling sites. Even though the fish species studied showed 
no histological alterations related to exposure to metals, the human health risk 
associated with eating muscle tissue with bioaccumulated levels of metals should be 
considered (Pheiffer et al., 2014). It is therefore crucial that future studies should also 
include aspects related to economical risk and human health risk, as some of the 
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measured chemicals indicated levels above the chronic effect value. Regular fish health 
and edibility studies are therefore recommended for the Klip River.   
It is further recommended that regular monitoring should be done in the tributaries of the 
Klip River, such as the Klipspruit and the Rietspruit.  Future ecological studies should 
also include the aspect of physico-chemical analyses of sediment. This should include 
aspect such as particle size distribution, total organic and inorganic carbon, acid volatile 
sulphates, metal analysis, synthetic organic compounds, petroleum hydrocarbons, oil 
and grease. This is due to various types of industrial activities occurring within the Klip 
River which may impact different aspect of water quality variables. Sediment is crucial in 
the cycling of elements in the aquatic environment; they are actively involved in the 
transportation of pollutants and nutrients. Sediments also control the uptake, transfer 
and release of nutrients and contaminants between sections of the environment. These 
processes in turn, have an influence in the ecological condition of a particular stream 
and therefore they should be included in future studies (Bilotta & Brazier, 2008). 
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